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PREFACE 

The introduction into the purely academic curriculum of an 
anatomical study of the brain, even aa a higher coarse in zool- 
ogy, presents many difficulties both to student and instructor. 
Its presentation, as differing from that in the professional 
school, must be necessarily of an elementary character — a 
necessity offering many obstacles with a subject which is essen- 
tially advanced. In the preparation of a textbook for such a 
course, neither the complexities of cerebral structure, nor the 
confusion of the associated nomenclature, can be successfully 
evaded. Yet the average academic student, only too often pos- 
sessed of no especial intei'est in this department of science, is 
not only unschooled in anatomical research and terminology, 
but is likewise wholly unfamiliar with the principles upon 
which they are based. 

To avoid these difficulties, as far as practicable, has been, 
then, the underlying motive in providing for the beginner this 
very simple introduction to the anatomy of the human brain, 
using the brain of the sheep, because of its general availability, 
relative simplicity, and practical identity to that of mau, as the 
subject for dissection and the basis for comparison. The advan- 
tages of actual dissection are obvious ; the book is, primarily, a 
laboratory manual for the student himself. It is designed, 
-however, to be rather more than a manual — to be, if possible, 
a unit study of the brain, of a strictly elementary nature. To 
this end the subject has been approached largely from the bio- 
logical standpoint, not only in the chapters briefly reviewing 
the development of the brain in the race and in the human 
individual, but by constant reference throughout to the more 
fundamental conceptions of nervous structure and evolution. 
Moreover, the interdependence of cerebral anatomy and physi- 
ology, and their close alliance with psychology, make it essen- 
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tial that the physiological and psychological aspecta freely sup- 
plement the purely anatomical, aa a most valuable aid in the 
interpretation of structare, the stimulation of interest, and the 
retention of fact. 

To simplify the nomenclature, without sacrifice of accuracy, 
has heen hardly possible ; the names employed are, therefore, 
those from both the older terminology and the Basel association 
nomenclature (BNA), which in the author's opinion will be 
easiest acquired and remembered by the student. In most 
cases the terms descriptive of the brain of the sheep have been 
borrowed from the human, rather than from any mammalian, 
nomenclature, inasmuch as an understanding of the former, 
from which the latter is but an outgrowth, is the objective of 
this book. While in general the only names given in English 
are those commonly used in that form, the etymology of all 
those which appear in technical form is to be found la the foot- 
notes ; moreover, as far as is possible, the complete BNA system 
has been presented, either as the name given or bracketed there- 
after, that there may be a basis for further study and comparison 
with texts employing exclusively the newer terminology. 

The author lays little claim to originality for the subject 
matter of the text, and has avoided a necessarily free scattering 
of references by grouping his sources as a bibliography, to 
which it is hoped the student will constantly refer for more 
detailed and conclusive information. If, indeed, this "brain 
primer " may but lay the foundation for further research in the 
vast field of nervous science, it will have fully attained its 
object. 

To the authors whose works are listed in the bibliography, 
the writer wishes to make grateful acknowledgment, and to 
express his deep appreciation to Professor J. H. Gerould, of 
the Biological Department of Dartmouth College, and to Dr. C. 
C. Stewart, Professor of Physiology in Dartmouth Medical 
School, for their interest and valuable contribution in the 
preparation of this book. 

EBEN W. FISKE. 
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AN ELEMENTAEY STUDY 
OP THE BRAIN 



PHTLOGBNY 

By means of its nervous system, the animal organism 
regulates and coordinates the various portions of its body, 
and comes into communication with its environment, re- 
ceiving impressions from without and acting upon them in 
accordance with its native endowment, and, in the higher 
animals at least, with the dictates of its individual esqjeri- 
ence. In low forms, therefore, the nervous structures are 
found upon the exterior of the body, affording the animal 
direct contact with those objects in the world about it 
from which its various stimuh are received and to which it 
must react. The very lowest organisms, made up of undif- 
ferentiated protoplasm,' which assumes all the functions of 
the body without specialization, cannot, however, be said 
to possess distinct nervous tissue. These animals react as 
a whole, a condition found in the protozoa and sponges. 
With the differentiation of the various parts into primary 
systems, certain cells are set apart for the reception of 
stimuli, and become, therefore, true nerve cells. From 
their position on the exterior of the body, these cells send 
slender processes inward to communicate with the processes 
' Or. prStoe, first, and plaanein, to form ; first thing formed. 
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2 AN ELEMENTARY STUDY OF THE BRAIN 

of other cells. These processes are rudimentary nerve 
fibers ; the essential character of the neurone/ consisting of 
a cell body and its processes, is therefore seen at an early 
stage. 

The neurones are the units of structure of the nervous 
systems of all animals. By the grouping, or centralization, 
of the cell bodies into definite masses (ganglia)* and by the 
collection of the processes into well-defined bundles (tracts), 
all degrees of development are attained in more or less regu- 
larly increasing complexity, from the primitive diffuse system 
first appearing in the lowest metazoa to the intricate nerv- 
ous mechanism of man. The most important of the gan- 
glia becomes the brain. The nerve processes become the 
two great fiber systems: the afferent,' carrying impulses 
from the receptive apparatus to the brain; the efferent,* 
carrying impulses fronrthe brain to the muscles and glands. 
The primitive surface cells become the specialized organs of 
the different senses, and the nerve cells themselves become 
altered in shape and character in accordance with the par- 
ticular function of that part of the nervous system in which 
they are foxmd. And, lastly, as each species exhibits in 
structure the characteristics of its stage in the evolution of 
the animal kingdom, so do its habits, activity, and general 
behavior correspond to the peculiarities of its nervous 
equipment. 

The invertebrates exhibit two very important steps in 
this process of evolution — the withdrawal of the afferent 
system from its superficial position to the interior of the' 
body, and the clumping of the nerve ceils, which, with their 
nerve processes or fibers, have heretofore been uniformly 
distributed throughout one layer, into definitely localized 
ganglia. Thus, the tangled network of nerve fibers in the 

' Gr. neuron, nerve. ' Lat. afferent, carrying to. 

' Gr. ganglion, knot. ' Lat. efferent, oturying from. 
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PHYLOGENY 3 

lower coelenterates is supplemented in the medusa by a con- 
tinuous ring around its bell — the first evidence of a special 
apparatus affording coordination between the various parts 
of the organism. This ring, communicating with the ex- 
terior by fibrous networks on the inner and outer sides of 
the bell, constitutes a very simple central nervous system 
for the animal. While the superficial position of the afferent 
system becomes somewhat lost in the higher medusse, by 
the sinking in of the sensory cells which have made up the 
, primitive receptive appu^tus on the surface (the nervous 
epithelium), it is in the lower worms that this process be- 
comes complete. So far, conduction of impulses is indis- 
criminate, that is, is carried by the fibers in all directions 
from the point of stimulation, its intensity depending on the 
strength of the stimulus. Now the system consists of two 
bundles of parallel nerve fibers, the lateral nerve cords, run- 
ning along either side of the body beneath the muscle layer, 
and connecting with the exterior by a tangled mass of cells 
and fibers. These long fibers mark a distinct advantage 
over the diffuse system, by affording much more rapid and 
precise conduction between more distant portions of the 
animal. 

Low members of the arthropod and mollusk groups are 
but little advanced over the condition of the flatworms, the 
nerve cords lying on the ventral side of the body, diffusely 
connected by intervenii^ strands, the cell bodies being scat- 
tered for the most part among the fibers. In the higher 
worms, the lateral cords and their transverse connections 
are found as a double cord in the mid-ventral hne; while 
enlargements corresponding to the body segments occur at 
definite intervals on the cord. In these enlargements are 
grouped the ganghon cells of each segment, which, with 
the transverse bundles passing across between, give the whole 
a laddei^like appearance. In these ganglia the connections 
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4 AN ELEMENTARY STUDY OF THE BRAIN 

between the afferent and efferent neurones are now made, 
resulting in still more specialized and exact reaction to stim- 
ulation. The nervous system is still a ring (or at least 
a ring drawn out lengthwise), but these animals are bilat- 
erally synmietrical and move in one direction. It is, 
therefore, only natural to suppose that the sensory endings 
and corresponding nervous structure should become more 
highly developed at the forward end. Certainly in the 
higher worms and arthropods the anterior ganglionic swell- 
ings become much larger than the others, especially those 
just under and over the oesophagus — the suboesophageal 
and supraoesophageal ganglia, respectively. The latter is 
distinctly analogous to a primitive brain, and is termed the 
cerebral ^ gangUon. It is not to be supposed, however, 
that it controls the ganglia behind it ; rather, it governs 
the movements of the anterior segment, and the other 
segments must follow, though relatively independent. 
Even in the highest invertebrates, as the crayfish, which 
has several of its anterior ganglia fused together into one 
large cerebral mass, and the many parts of its body special- 
ized for different functions, separation of this "brain" from 
the rest of the body does not prevent the limbs from carrying 
on their accustomed activities, although there is less co- 
ordination and they may act at cross purposes with each 
other. The cerebral ganglion of the higher arthropod has, 
therefore, some influence over the remaining ganglia, and 
seems to be, moreover, the center of spontaneous activity 
of the animal ; while the remaining ganglia, made up of cells 
whose fibers supply the separate appendages and other 
functioning parts, still seem to be centers of motor energy 
for their respective regions of distribution. 

The nervous system of the vertebrates is to be distin- 
guished from that of the invertebrates by three important 

< Lat. cerebrum, brais. 
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6 AN ELEMENTARY STUDY OF THE BRAIN 

characteristics: first, the avatpm lifts in the t V Jj f^Hlfi Ij i ^p nn. 
t he dorsal surface of t>i.» V"Ty; a'- pond. the p^ti*^ y^^n^''"' 
pnrfjon of the system is hollow or tubular; finH tih''''^i 1 
definite brain is always present. _ In regard to the first of 
these, there is a tendency for the nerve cords to leave the 
ventral for the dorsal side in some of the lower worms, and, 
in the higher invertebrates, many of the transverse con- 
nections are found dorsal to the digestive tract. Quite 
possibly, however, such a radical step can be only explained 
by the assumption that at some stage in evolution the whole 
animal turned over on its back. The second characteristic, 
the formation of a central canal, is explained by the onto- 
genetic ■ development of the nervoiis system peculiar to the 
vertebrates, which is to be more fully described in the next 
chapter. As to the third, the primitive swelling of the an- 
terior ganglion, and the fusion of other ganglia with it, 
already considered, are here carried on to a higher degree, 
the primitive brain becoming divided into three hollow 
vesicles.^ These constitute the forebrain, midbrain, and 
hindbrain, and from them arise all parts of the brain of each 
vertebrate class. 

As this chapter is intended only as a brief summary of 
the evolution of nervous structure, the detailed anatomy 
of the many different vertebrate brains cannot be presented ; 
only the most general description of the important steps 
will be given. The brain of the lowest vertebrates is essen- 
tially a series of highly developed centers for those senses 
upon which these animals depend for knowledge of the world 
about them. The possession of such a sense organ as the 
eye^ which is excited by objects at a distance from the body, 
furnishes a greatly increased environment, and necessitates 

' Or. dn, being, and gonoi, generation; growth in the existing indi- 
vidual. 

' Lat. vesica, bladder or sac. 
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PHYLOGENY 7 

a far greater complexity of nervous connections, eBpeciaJiy 
from the visual center to the more fundamental mechanisms 
controlling the animal's activity. In general, whenever one 
or more of the sense organs is found to be considerably 
developed in a particular animal, that part of the brain re- 
ceiving fibers from that organ is proportionately developed. 
Likewise, the efferent fibers from this center to other parts 
of the nervous system are greatly multiplied, and the im- 
portance of this special system in regulating the animal's 
behavior is correspondingly increased. 

The cerebrum of the fish, though the lowest of the series, 
and very small in proportion to the size of the body, is greatly 
advanced over the cerebral ganglion of the highest inverte- 
brates. Many of the enlargements and projections from 
the surfaces of its brain give promise of the more intricate 
and specialized development of the higher forms, although 
the three main divisions are easily made out. The walls of 
the forebrain are greatly thickened, encroaching on the 
cavities, and forming the cerebrum ; this portion of the brain 
is largely concerned with the sense of smell in the lower 
vertebrates, and gives off large prolongations from its an- 
terior end, which constitute the olfactory * lobes. Behind 
these lobes are seen the optic nerves, running from the eyes to 
the midbrain, where they end in the primary organ of sight, 
the optic * lobes, a pair of rounded elevations developed 
from the dorsal wall. These lobes, being the highest center 
for the important sense of sight, are probably the dominant 
part of the whole nervous system for these lower vertebrates. 
The hindbrain becomes differentiated principally into a 
lai^e dorsal swelling, the cerebellum.^ This organ is thought 
to govern muscular coordination and equilibrium in all 
species, and so is relatively well-developed in these animals, 

' Lat. olfaeere, to smell. ■ Qr. op»is, ej'esight, Beeing. 

* Lat. cerebellum, little brain. 
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8 AN ELEMENTARY STUDY OF THE BRAIN 

which exhibit great activity. The remainder of the hind- 
brain,, beneath the cerebellum, consists lai^ly of nerve 
fibers passing between the sensory apparatus and muscles 
of the body and the brain, and is termed the medulla oblon- 
gata.* 

In the highest (bony) fishes the forebrain exhibits a fur- 
ther differentiation into two prominent ganglionic swell- 
ings on its floor, the corpora striata,* which are a further 
development of the olfactory system, and a thin mantle- 
like roof, the pallium,* which shows but little evidence of 
nervous structure. Slight grooves also appear on its mu- 
face, and a longitudinal ixjrow along the middle line on the 
dorsal side marks the beginning of the division of the cere- 
brum into two cerebral hemispheres. The amphibian brain 
also possesses this forebrain development, but the other 
parts of the brain are relatively simpler than in the fishes. 
In most fishes, all these parts lie in a straight line from before 
backward, but in a few the forebrain becomes bent ventraUy 
on the midbrain, so that their long axes he at a slight angle 
to one another ; this condition persists throughout the series, 
and is so increased in man that the cerebrum lies at a right 
angle to the other parts of the brain. 

The next distinct step above the fishes is seen in the rep- 
tiles; here the cerebrum, though smooth, is relatively 
larger than the other parts (as it so remains henceforth), 
and its two hemispheres are united by transverse fibers 
forming a distinct conunissure.* The gangUonic masses 
forming the corpora striata encroach on the forebrain 
cavities, or ventricles ; ' and the olfactory fibers, which have 

' Lat. medulla oblongata, oblong mairow. 

■ Lat, corput atriatwn, streaked or striated bod7. 

' Lat. ■paUium, mantle, 

' Lat. commiUere, to unite. 

* Lat. venlrievlua, little belly. 
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10 AN ELEMENTARY STUDY OF THE BRAIN 

previously ended in them, are now largely continued on to 
the pallium. The latter has become tldckened, and, for 
the first time in the animal series, contains pyramidal- 
shaped cells, the characteristic nervous elements found in 
this portion of the system, which is henceforth known as the 
cerebral cortex.^ Thus the pallium becomes the olfactory 
cortex, and, at various stages in the vertebrate scale, the 
fibers from other sense organs find endings here, forming 
higher centers for the remaining senses. The white in- 
terior of the cerebrum, the medulla,* lying immediately 
beneath the cortex, increases in size with the increase of the 
Utter ; it is composed of fibers from cell bodies in the gangUa 
beneath it and in the cortex above, which pass to and from 
the newly formed cortical centers. The cerebellum is found 
to be comparatively small, most reptiles being of slu^sh 
disposition. Another distinct feature of the reptilian brain 
is the existence of the parietal* eye, and a process which 
connects it to the posterior roof of the forebrain. This 
eye (its structure indicates that it must be used for vision) 
is lost as we go up the series, but the forebrain extension, 
which forms a stalk for the eye, persists throughout the 
mammals as a vestipal, non-nervous structure, known as the 
pineal * body. 

The brain of the bird is intermediate in character between 
those of the reptile and mammal, and has less resemblance 
to the former than might be expected from their similar 
ancestry. The basal ganglia (corpora striata) are here 
relatively lai^er than in any other group, the pallial cortex 
is better developed than in reptiles, and traces of other 
cortical centers than olfaction can be detected, the whole 
cerebnuu being much lai^er and extending back to the cere- 

■ Lat. cortex, bark. ■ Lat. medvUa, marrow. 

■ Lat. paries, a wall ; the parietal bones form the side walls of the 
skull. * Lat. pinus, pine cone. 
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PHYLOGENY 11 

bellum, which is also relatively lai^e and noticeably fissured. 
The optic lobes are prominent, but are pushed down on to 
the sides of the brain by the overlying cerebral hemispheres, 
on which frontal,' parietal, and temporal ^ regions can now 
be recognized. 

In mammals, the brain reaches its greatest perfection, 
the increase in development being constant and complete 
from the lowest forms to man. The principal point in 
differentiation from the brain of the lower vertebrates is 
the increase in size and complexity of the pallium, or cerebral 
cortex, both absolutely and relatively to the other parts. 
Thus the cerebral hemispheres become larger and extend 
farther back over the underlying parts, as we ascend the 
series, until in mammals, of which the aheep may be taken 
as an example, they entirely overUe the midbrain, and in 
man, the cerebellum as well. The cortex is now in com- 
munication with all the sense organs of the body, and sends 
efferent fibers farther and farther back, overlying the earlier 
fiber systems of the brain stem and cord, and directly con- 
trolhng the muscular apparatus. Not only does the cere- 
brum increase in size, but its surface becomes convoluted 
and fissured, so as to afford a considerable increase in 
its surface (cortex), without necessitating a corresponding 
general enlargement. These fissures and convolutions take 
on a more or less regular pattern in the higher mammals, 
those of the sheep being typical of the entire series ; and 
this pattern holds for all these higher forms, though some- 
what obscured in the primates (monkeys and man) by the 
addition of many connecting furrows between the primary 
fissures. Even in those mammals whose cerebral hemi- 
spheres remain smooth, the four general divisions into frontal, 
parietal, temporal, and occipital ^ lobes may be recognized. 

' Lat. /rons, front. ' Lat. tempora, the temples. 

* laA. ob, against, atnd caput, head ; the back of the head. 
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12 AN ELEMENTARY STUDY OF THE BRAIN 

Another important feature of the mammalian brain is 
the great development of the commissures; of these the 
corpus callosmn* and fornix* between the hemispheres, and 
the pons ' comiecting the two sides of the cerebellum around 
the ventral side of the medulla oblongata, are the most 
important. The olfactory lobes in the mammals diminish 
in relative size, and the cerebellum is relatively smaller 
than in the birds. The paired optic lobes, or corpora bi- 
gemina,* of the lower vertebrates, now become four in nuia- 
ber, corpora quadrigemina,* lying in two pairs, one behind 
the other. The pineal apparatus Ues buried beneath the 
overlying cerebrum, and has now become vestigial. The 
cavities of the original brain vesicles take on definite form, 
and constitute the system of ventricles ; they become rela- 
tively smaller in the higher mammals, their walls being en- 
croached upon by the nerve fibers which form the central 
portions of the brain, and which have vastly increased in 
number. They are also constricted by infoldings of the 
cerebral walls due to the deepening of external fissures, and 
by the prominence of isolated ganglionic masses of nerve 
ceUs, such as the corpus striatum, below the cortex. The 
corpus striatum does not attain the relative size in mammals 
that it does in birds, and is, moreover, broken up by the 
passage through it of a thick bundle of nerve fibers, the 
internal capsule. These fibers connect the nerve cells in 
the cortex with the muscles and sensory organs of the body, 
relaying (that is, forming a connection) with the processes 
of other neurones, whose cell bodies lie in the ganglia (e.g. the 
corpus striatum) at the base of the brain and in the spinal cord. 

It is thus seen that the higher brain consists essentially 
of two elements of structure : centers containing cell bodies 

' I^t. carpus ealloeum, hard body. * Lat. fornix, arch. 

' Lat. pom, bridge. 

' Lat. bt, two, quad, four, and gemtnus, twin. 
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PHYLOGENY 13 

situated in the cortex of the cerebrum {and cerebellum), in 
the basal ganglia, and in the brain stem ; and of conduction 
regions, made up of the fibers of these cells. The latter run 
across from one region of the brain to another, and into and 
out of the cerebrum, connecting it with other parts of the 
nervous system. Their richness largely depends on the 
number of nerve cells in the brain, which in txmi is largely 
dependent on the development of the cortex, which we have 
seen regularly increases throughout the vertebrate series. 
As collections of nerve cells give a grayish appearance to 
the brain, and the fiber sheaths are white, it will be undei^ 
stood why the mammahan cerebrum is composed of a thin 
layer of gray matter on its surface and a white interior, in 
which are isolated masses of gray. It must be remembered 
that white matter always means nerve fibers, or areas of 
conduction for the nervous impulses, and that gray matter 
means connecting or relay stations for the fibers (which 
have lost their white sheaths), these relay stations also con- 
taining the nerve cells, which are largely concerned with 
the nutrition of the fibers. 

DiHEcnoNa : If it ia possible, brajna of the eel, a bony fish, a frog, a 
bird, a rabbit, and a rat, cat, or dog, should be secured, and carefully 
examined and drawn. If it is not possible to obtain some or all of these, 
museum specimens or wax models may be used. The student should 
recognize on each of these the main divisions of the brtun and the various 
external features mentioned in the text in the description of each type. 
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An examination of the development of the brain in the 
individual is highly essential for the beginner, there being 
no better method of acquiring an accurate conception of the 
intricate relations and functions of its various parts than by 
observing step by step the changes that mark its evolution 
from a simple tube to the highly specialized condition of the 
adult. The description given here has been largely taken 
from human embryology, but it is applicable in its early 
stages, at least, to the individual development of the brains 
of the vertebrates as a whole, and especially to that of the 
other mammab. 

As early as the second week after the fertilization of the 
egg, while the ovimi is but a hollow sac, the cells in the median 
line of the embryonic area on its surface become thickened 
and differentiated from the rest, forming the medullary 
plate. Soon the edges of this plate fold up over its grooved 
center ; the groove deepens, the edges meet above it, and 
the primitive neural tube or canal is formed. The cells 
which take part in this process originate entirely from the 
ectoderm, the external of the three primary cell layers from 
which all parts of the body are formed. From this neural 
tube the entire nervous system arises, all true nervous 
tissue being, therefore, of ectodermal origin. The anterior 
portion of the neural tube, by a process of unequal growth 
in its different parts, and the folding of one part over the 
other, becomes the brain, the posterior portion, the spinal 
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cord. The cavity of the neural tube becomes the canal of 
the cord and the cavities (ventricles) of the brain, which are 
therefore continuous with each other. 

Before the tube is entirely closed, two constrictions appear 
in its anterior part, dividing this region into three vesicles, 
which constitute the primary forebrain, midbrain, and hind- 
brain. [See Fig. A.] The forebrain and hindbrain again 
divide, the brain now being composed of five vesicles — 
from before backward, the secondary forebrain (prosen- 
cephalon),' the primary forebrain or interbrain (dien- 
cephalon),' the midbrain (mesencephalon),* the secondary 
hindbrain (epencephalon),* and the primary hindbrain or 
afterbrain (myelencephalon).* [See Figs. B and C] From 
these five vesicles all parts of the brain distinctly originate, 
and these early divisions may still be detected in the adult 
condition, although with increasing difficulty, as we go up 
the vertebrate scale to man. Simultaneously with this 
division, three important bendings or flexures take place : 
the cephalic * flexure, by which the primary forebrain is 
bent ventrally on the midbrain, so that the roof of the mid- 
brain projects dorsally; the pontal flexure, by which the 
area of the hindbrain corresponding to the future pons 
takes on a distinct ventral projection ; and the nuchal ^ or 
cervical ' flexure, by which the afterbrain is bent slightly 
forward on the spinal cord in the region of the neck. [See 
Figs. D-F.] These flexures are less marked in other mammals 

' Or. pros, before, and enkephalon, brain. 
I Gr. dia, between, and enfcepAafos, brtun. 

* Gr. metoa, middle, and enkepkalos, brain. 

* Gr. ept, on, upon, artd [enkephalos, brain ; trom tbe podtion of the 
cerebellum. 

*0r. myelot, nuurow, and enkephaloa,hre.in; referring to the medulla 
oblongata. 

* Gr. kephale, head. 

' Lat. mteha, nape of the neck. 

* Lat. cervix, neck. 
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than in man, and in the latter only the cephalic retains its 
original flexion. 

Two early and important changes take place Ln the primi- 
tive forebrain. The first is the outgrowth of the optic 
vesicles, one from either side, each becoming lengthened 
out into a slender stalk with a cup-shaped termination ; 
the cup becomes the retina of the eye — the stalk, attached 
to the interbrain, the optic nerve. [See Figs. B-D.] The 
second change is the division into forebrain and interbrain. 
This occurs by the budding forward of the anterior wall of 
the primary forebrain, forming a diverticulum or secondary 
forebrain, which soon becomes divided by the formation of 
a median cleft into two lateral halves, the cerebral vesicles, 
whose development into the future cerebrum we must now 
trace, disregarding for the moment the interbrain. [See 
Figs. B-E.] 

The cerebral vesicles enlarge to an unequal degree in the 
different species of vertebrates, being greatly in excess of 
the other regions of the brain in the mammals, and enor- 
moiisly so in man. By a multiplication of the cells which 
form their walls, they extend upward and backward over 
the interbrain and midbrain, and in man, over the hind- 
brain as well, until the great area of cerebrum has reached 
its adult condition, where it constitutes the most striking 
and characteristic feature of the nervous system of the 
higher vertebrates. During this process, the cells on the 
walls of these cerebral hemispheres assume the character 
and arrangement of neurones, the cell bodies remaining at 
the surface in the superficial gray matter, or cortex, of the 
cerebrum, while the axis cylinder processes (axones) ' are 
directed inward from the surface, and form a lai^e part of 
the area of white matter, or medulla. The first axones to 
appear in the medulla arise from nerve cells in the inter- 

I Lat. axis, ttxie, or pole. 
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18 AN ELEMENTAHY STUDY OF THE BRAIN 

brain, and, passing into the hemispheres at the point where 
the latter overlie the interbrain, end in the cortex of the 
different sensory areas. Later, the fibers which arise in 
the cortex pass down through the interbrain, completing 
the union at this point between the two parts. 

The original cavities of the cerebral vesicles have extended 
with them over the other brain regions, but are still con- 
nected with the other brain cavities by two openings, known 
as the foramina ' of Monro, which constitute a Y-shaped 
passage. This passage imites the cavity of the interbrain 
below and behind with the anterior ends of the lateral ventri- 
cles, as the cavities of the two cerebral hemispheres are called. 
[See Figs. F and L.] The lateral ventricles become rela^ 
tively smaller as the development of the brain proceeds, 
being encroached upon by the cerebral wall, especially the 
thickened portion on the floor of each hemisphere, the corpus 
striatum, and the thick fiber bundle passing through it and 
connecting the interbrain with the cortex, the internal 
capsule. Nevertheless, the ventricles form a hollow inte- 
rior for the greater mass of each hemisphere, and are a 
constant and important constituent of the brain. 

As the cells of the cortex develop much more rapidly 
than the underlying parts, the surface of the brain is throira 
up into many convolutions, with intervening fissures. The 
more conspicuous divisions of the entire cortex are known 
as lobes, the less complete as gyri.* Some fissures are so 
deep as to produce a corresponding projection on the walls 
of the ventricles. These are known as total fissures, the 
most important of which are the fissure of Sylvius, the 
dentate, and the choroid fissures. 

The fissure of Sylvius is formed by the cessation of growth 
of a spot on the lateral wall of the developing cerebral hemi- 
sphere, which, as it continues to expand, almost completely 
' Lat. /oTare, to pieroe. » Lat. syrut, circle. 
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surrounds this area, forming the temporal lohe below, the 
parietal and occipital lobes above and behind, and the frontal 
lobe in front. [See Figs. / and K.] The depressed area 
thus produced becomes a fissure, pushing ahead of it an 
isolated mass of gray matter, the corpus striatum, which 
bulgra into the fore and outer wall of the lateral ventricle. 
The cortex which is involved in this process of fissuration 
becomes depressed below the adjacent surface as the island 
of Reil, which in the human brain is completely hidden from 
view by the overlying convolutions. On the mesial surface 
of each cerebral hemisphere are early seen two parallel 
, fissures, which arch upward from near the lower anterior 
end of the frontal lobe and downward behind along the 
mesial siuiace of the temporal lobe. The larger, more super- 
ficial, of these becomes the dentate ' fissure, forming a 
prominence on the floor of that portion of the lateral ventricle 
which passes into the temporal lobe (the inferior horn of the 
lateral ventricle), the elevation being known as the hippo- 
campus.* [See Fig. G.] The smaller of the two fissures, the 
choroid fissure, enters into the formation of the transverse 
fissure, which will be more fully described in the considera- 
tion of the interbrain. 

Another important fissure in the human brain is the fissure 
of Rolando, on the external surface of each hemisphere; 
its analogue in the sheep is generally thought to be the 
cruciate fissure. [See Figs. / and K.] This does not reach 
its full development until much later than the other fissures ; 
it effects the divbion between the frontal and the parietal 
lobes. The longitudinal fissure of the brain has already 
been seen, in its early condition, as the median cleft which 
forms the cerebral vesicles from the secondary forebrain 

I Lat. deTM, tooth ; from the toothed appearance of the adjaoetit den- 
tate bjtub, 

■ Gr. hippos, horae, and kampos, sea animal ; sea horse. 
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vesicles. This deepens to completely separate the hemi- 
spheres, except at their lower anterior part, just in front of 
the foramina of Monro, where they still retain a slight at- 
tachment to the interbrain in the median line, known as the 
lamina terminalis ' (the hemispheres also being attached to 
the interbrain by the extension between them of their fibrous 
systems). 

It is not to be supposed, however, that the cerebral hemi- 
spheres are entirely separated from one another, for a third 
great factor in the development of the cerebrum here be- 
comes manifest (the other two are the multiplication of 
neurones and the formation of folds), namely, the formation 
of adhesions between the opposed mesial surfaces of the two 
hemispheres. There results from this fusion a great band 
of white fibers passing from one side of the cerebrum to the 
other, the corpus callosum. It begins at the bases of the 
vesicles near their anterior ends, and extends upward and 
backward over the interbrain and midbrain. [See Figs. F, 
G, H, and L.] Beneath this and just behind the point where 
it first forms, other adhesions occur which give rise to the 
fornix. This consists of white fibers which lie transversely 
beneath the posterior portion of the corpus callosum, and 
which pass outward on either side into the temporal lobe ; 
they form the lyre and body of the fornix, [See Figs, G. 
and L.] In addition to these, the fornix is made up of 
longitudinal fibers, which represent the lower mesial edges 
of the cerebral vesicles. These pass from the sides of the 
interbrain forward and upward in front of the foramina 
of Monro and then backward, in close apposition to the 
interbrain, becoming united in the middle Une at the body 
of the fornix, and then separating to pass outward and 
downward along the floor of the inferior horn of the lateral 
ventricle to the tips of the temporal lobes. This portion 
' Lat. lamina, plate, and Or. lerma, limit ; the limiting vail. 
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of the fornix, called the fimbria/ is thus seen to almost com- 
pletely surround the interbrain, and, with the hippocampal 
cortex, undoubtedly represents the greater part of the fore- 
brain vesicles of more primitive brains (largely concerned 
with the sense of smell), which have been stretched out with 
the developing cerebral hemispheres. 

The corpus callosum and the body of the fornix are in 
close apposition ; anteriorly to the body they are, however, 
separate, and between the corpus callosum above and the 
fornix below is found an isolated portion of the longitudinal 
fissure, bounded on either side by the original walls of the 
cerebral vesicles. The walls do not, however, develop gray 
cortical naatter as in other regions, but remain in a rudi- 
mentary condition, and are seen as two thin sheets of tissue 
in apposition, termed the septum pellucidum.* [See Figs. 
G, H, and Z..] Between these two walls is the fifth ventricle, 
which is obviously not a true ventricle, as it does not com- 
municate with the other brain cavities. 

The olfactory lobes, so conspicuous in the sheep and many 
other vertebrates, are an outgrowth from the cerebral 
vesicles, their cavities communicating with the lateral 
ventricles. [See Figs. D, E, and I.] In man the cavity soon 
d^ppears and the lobe itself is found In a more or less 
atrophic condition, having become merely a bulb connected 
to a small area of cortex at the base of each hemisphere. 

Returning now to the primary forebrain or interbrain, 
which was left in its early vesicular condition, it will be 
found to have produced its own characteristic structures 
simultaneously with the changes which have taken place 
in the secondary forebrain, although it has not reached the 
high degree of development of the latter. Its lateral walls 
become enormously thickened, and form two lai^ ovoid 

> Lat. fimbria, fringe. 

' Lat. septum, wall, axoA peUueere, to shine through ; transparent walL 
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masses of gray matter with some intermingled fibers, the 
optic thalami.' [See Pigs. E-H, and L.] Prom the optic 
thalami large bundles of fibers pass upward into the hemi- 
spheres, constituting a large part of the internal capsule. 
The floor of the interbrain becomes considerably diversified. 
The anterior part remains thin as the lamina eineria,* 
but posteriorly to this there is an outpocketing of the floor 
which forms a small tube, the infundibulum,* and behind 
this is another bulging, the tuber cineriimi,* which eventu- 
ally encircles the infundibulum. On the posterior end of 
.the tuber cinerium two small elevations appear, the mammil- 
lary * bodies, which correspond to the point where the fibers 
of the anterior pillars of the fornix reach their downward 
limit and turn back upon themselves. The end of the in- 
fundibulum becomes the posterior lobe of the pituitary* 
body or hypophysis,' which is found connected by it to the 
mature brain. The anterior lobe of the pituitary body is 
formed from the primitive pharynx, by the extension up- 
ward of a pouch, which becomes cut off from the pharynx 
when the skull develops. Thus the pituitary body is evi- 
dently not a true part of the brain, and that small portion 
which arises from the infundibulum soon loses its resem- 
blance to nerve tissue. 

The roof of the interbrain remains extremely thin, except 
at its sides, where it forms the fibrous connection with the 
hemispheres above, and at its posterior part, where it be- 
comes thickened and evaginated to form the pineal body 
(epiphysis).* This body is found in all vertebrate and rep- 
resents in the higher animals the stalk of the rudimentary 

' Or. thalamot, bed ; from ita appearanee on looking down into the 
lateral ventricle, ' Lat. dneria, aah-like. 

' Lat. in/uTidib^um, funnel. * Lat. tuEi«r, Bwelling. 

' Lat. mamma, breaat. * Lat. pituita, phlegm. 

' Or. hypo, under, and phj/ein, to grow ; the part growiiiE under the brain. 
' Or. epi, on, and phyein, to grow ; the part growing upon the brain. 
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eye found in the reptiles. The remainder of the root of 
the interbrain forms an extremely thin sheet of tissue, to 
which its investing pia mater ^ and that covering the under 
side of the cerebral hemispheres, are adherent. The mem- 
brane thus formed by these three tissues is the velum inter- 
positum' [superior choroidal tela*], and, stretching between 
the two optic thalami, it forms a roof for the cavity of the 
interbrain, the third ventricle. 

It is at this point also that those blood vessels which, 
arising in the arterial circle at the base of the brain, make 
up the choroid * plexus, enter the lateral ventricles. As 
previously stated, the choroid fissure, which is found on the 
mesial surface of each cerebral hemisphere and extends down 
the mesial surface of the temporal lobe, is one of the total 
fissures of the brain. It does not, however, push solid 
brain matter before it as do the other brain fissures, for the 
infolded wall is here extremely thin, consisting of but a 
single layer of ependyma " (the thin epithelial lining of the 
ventricles). [See Fig. H.] The vessels of the choroid 
plexus, inclosed between the two pia matral layers of the 
velum interpositum, press in through the transverse fissure 
of the brain, as the space between "the roof of the interbrain 
and the overlying cerebral hemispheres is called. Continu- 
ing, they enter the choroid fissure, which is thus seen to be 
but a lateral extension of the transverse fissure, and push 
the pia mater of the temporal lobe and the ependyma before 
them into the ventricle. The choroid plexus therefore 
appears to be within the lateral ventricles, whereas it is in 
reality contained in one of the total figures and is shut out 
from the interior of the ventricle by the ependyma. These 

' Lat. pia mater, tender mother. 

' Lat. velum, veil, Wld inlerpoailnm, interpOHod. 

■ Lat. tela, web. 

< Or. chorion, a fetal membrane, and eidos, like. 

* Gr. ependyma, an upper garment ; the clothing of the ventricles. 
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blood vessels contained in the velum interpositum also 
afford a choroid plexus for the third ventricle, by pushing 
inward the thin roof of the interbraiu and the pia mater 
overlying it. They are therefore shut out from this ventricle, 
as they are from the lateral ventricles, by a sii^le epithelial 
layer and a layer of pia mater. The choroid plexuses of these 
three ventricles meet anteriorly at the foramina of Monro, 
but are all formed by an invagination into these cavities 
of the velum interpoaitum and its v^isels, via the transverse 
fissure. 

The vesicle of the midbrain does not divide secondarily, 
but connects the interbrain in front with the hindbrain 
behind ; its cavity, the aqueduct of Sylvius, therefore forms 
a passageway from the third ventricle to the fourth, the 
cavity of the hindbrain. The walls of the midbrain thicken 
ventrally to form the crura of the cerebrum, two lai^e bundles 
of fibers, which are made up of axones of the cells of the 
cerebral cortex sending impulses down into the regions be- 
low the interbrain, and of axones from cells in these lower 
levels passing to the higher. [See Figs. F and L.\ It is 
obvious that these fibers passing forward and upward from 
the midbrain and through the interbrain to the hemispheres 
form the principal connection between the latter and the 
remainder of the brain, the slender lamina terminaUs being 
the only morphological union between these parts. The 
roof of the midbrain is thickened to form the corpora quad- 
rigemina (bigemina in the birds), which comprise important 
lower centera for vision and hearing ; they are covered over 
by the cerebellum behind and the cerebrum in front in the 
mammals, and by the cerebrum above in man. 

Behind the midbrain the secondary hindbrain, or epen- 
cephalon (the anterior division of the primary hindbrain), 
develops into two important structures, the cerebellum and 
the pons Varolii. The latter, formed by a flexure and thick- 
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ening of the ventral wall, consists of a large bundle of trans- 
verse fibers which run upward on either side to the cere- 
bellum. [See Figs. E, F, and L.J Through and beneath 
these transverse fibers run the great bundles which are a 
continuation of the crura of the midbrain above and the fiber 
tracts of the afterbrain and spinal cord behind. The cere- 
bellum grows from the posterior part of the dorsal wall 
and becomes highly developed and specialized, its gross 
structure and inner development resembling not a little that 
of the cerebrum, as it is composed of a lai^ely convoluted 
exterior of cortical gray matter and an internal white 
medullary portion. The anterior part of the dorsal wall 
remains thin and undeveloped as the anterior medullary 
velum ; this is continuous with the corpora quadrigemina 
(the dorsal wall of the midbrain) anteriorly, and with the 
cerebellum behind. The lateral walls of the hindbrain form 
the connecting fibers from the pons below to the cerebellum 
above, the middle peduncles of the cerebellum; and from 
the cerebellum to the optic lobes in front, on either side of 
the veliun, the superior peduncles of the cerebellum. The 
cavity of the hindbrain forms the anterior half of the fourth 
ventricle, the posterior half being formed by the cavity 
of the afterbrain. 

The roof of the foiu^^h ventricle is thus formed by the 
anterior medullary velum and cerebellum in front, and by 
a thin sheet of tissue behind, the posterior medullary velum, 
which constitutes the undeveloped dorsal wall of the after- 
brain (myelencephalon) , and is continuous with the cere- 
bellum. The lateral walls of the afterbrain early become 
developed to form the inferior cerebellar peduncles, consist- 
ing of fibers which pass between the cerebellum and the 
myelencephalon (and spinal cord), on either side of this 
thin roof. The ventral wall of the myelencephalon becomes 
greatly thickened and forms the medulla oblongata, which 
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consists for the greater part of nerve fibers passing between 
the spinal cord behind and the crura in front, with isolated 
masses of gray matter scattered through it. [See Figs. F 
and L.\ The much greater development of the floor as 
compared with the roof of the afterbrain brings its cavity 
close to the dorsal surface, where it is flattened out in the 
shape of a triangle, which, meeting the similarly shaped 
cavity of the hindbrain, gives the fourth ventricle a rhom- 
boidal contour. Its thin roof behind the cerebellum, with 
its investing layer of pLa mater, is called the inferior choroi- 
dal tela, because, being pushed in by blood vessels from with- 
out, it forms the choroid plexus of the fourth ventricle. 
Like the choroid plexus of the lateral ventricle, this plexus 
invades the space of the cavity, but tb really shut out from 
it by the thin layer of epithelium which it pushes before it. 

To the student who has not yet studied the form-relations 
of the brain, many of the foregoing points will be obscure. 
For this reason he is urged to reread this chapter, and in- 
deed, the preceding chapter also, after he has completed 
the dissection of the sheep's brain which follows. It is, 
neverthel^s, essential that an outline of the ontogenetic 
development of the brain be given at this point, as it forms 
a basis for the study of many of the more complicated struc- 
tures to follow (as the choroid plexus and hippocampus), 
which is indispensable to their proper understanding. The 
chapters on development should, therefore, be constantly re- 
ferred to as the student proceeds, direct references being 
made to them in the succeeding chapters at the more impor- 
tant places. 

Directioxb: It will be found valuable for the student to carefully 
study and make drawings of several stagea of the development of the 
brain of one of the higher mammals or man. If embryo sheep's brains 
cannot be obtuned, those of the pig are usually available, and are to be 
preferred to museum specimens or models. 
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REMOVAL OF THE BRAIN 

Its MeTTibranes and Blood Supply 

Op the several methods which have been suggested for the 
removal of the sheep's brain from the skull, the following 
has been foimd in the author's experience to be the most 
practicable, especially when the heads of full-grown sheep 
are used, in which the bone is exceptionally hard and thick. 

iNaTRUusNTB : A eharp handsaw, a pfur of heavy, and a pair of 
light, bone-fgrcepa, heavy dissecting forceps, a sharp scalpel, and a pwr 
of scissors. 

Directions : Laying the head on one side, saw transversely across 
it on a line which runs from the ventral margin of the orbit to the ventral 
surface of the occipital condyle. Repeat this on the other side, entirely 
separating the lower portion, which includes a part of the nose and upper 
jaw and almost the whole of the lower jaw, from the upper portion, in 
which the cranium and brain are still intact. The dissection is now made 
from the exposed surface of the base of the cranium. Be^n by carefully 
cleaning its entire base and sides of muscle and projecting pieces of bone, 
cutting away from their articulations the remaining fragments of lower 
jaw and completely cleaning out the orbit, being careful to distinguish and 
leave intact the optic nerve. With the boiie cUppers snip off close to 
their bases the occipital condyles (avoiding the projecting portion of the 
spinal cord), and all other free pieces of bone above the sohd base. 

Saw cuts are now made on the base as follows : two longitudinal (antero- 
posterior) cuts parallel to each other one half inch from either side of t^e 
middle line (so tliat they will pass through the center of the bases of the 
occipital condyles) ; three cuts across the other two at distances of one, 
two, and three inches from the posterior end of the base. Great care 
must be exercised that these saw-cuts do not penetrate through the bone 
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and so injure tlie underlying brain ; they should be made deep enough, 
however, to enable the bone to be broken along the lines of the cuts. Now 
with the handle of the scalpel carefully separate the spinal cord with its 
thick covering of dura mater ' from the bone surrounding it, for a dis- 
tance inward of at least one inch. This process of sepaTatirtg the brain 
urtlA its dura mater from the bone by blunt dissection, before remomng any 
piece of bone, ameli-tutes the most eatenttal point in the removal of the 90ft, 
spongy hnia from its hard, eloeely fitting case. 

With the heavy bone-forceps pry off the moBt posterior piece of bone 
enclosed by the saw-cuts, inserting the lower blade of the forceps between 
the- dura mater of the cord and the bone, and lifting the bone away from 
the cord. This process of separation of the dura mater and cutting ard 
prying away, is repeated with the two remaining squares of bone, so that 
the ventral surface of the medulla oblongata, pons, and pituitary body are 
exposed, aU invested by dura mater. 

Bepn now on the lateral surface of the cranium, pressing one blade of 
the forceps into the fissiu^ at the base of the orbit, taking care to keep it 
posterior to the optic nerve, and cut a piece of bone out of this portion of 
the skuU, exposing a portion of the temporal lobe of the br^n. While 
this step may injure tlie dura at this point, it is more advisable than 
attempting to tear the bone away from the free edge already made, except 
in the soft skulls of young lambs. Prom the opening made on each 
side over the temporal lobes, the bone may be torn away in all directions, 
expoHng the entire side and posterior base of the brain. In every case 
first separate the dvra from the bone, and then lift the borte away from the dura. 
In this dissection, special care must be taken not to injure the dura cover- 
ing the cerebellum, as this portion of the brain is very soft and easily 
injured in the fresh specimen. 

When the bone has been removed on both sides to a line one-half inch 
below the dorsal surface of the brain,* the anterior portion of the base in 
the middle line moat receive attention, as the bone is still intact here. 
With the Ughter bone-forceps, tear away most of the spongy bone over the 
anterior end and then dissect out the optic chiasm, locating it by tracing 
up the optic nerves from their exposed position in the orbit. This should 
be done slowly and carefully, leaving the dura intact at all points. The 
overhan^g piece of spoi^y bone, which now alone remains over the 

' Lat. dura mater, hard mother. 

' It moEt not be lost sight of that the skull with inclosed brain is rest- 
ing on its dorsal surface, i.e. upside down, and that all paita are named in 
accordance with their normal relative position. 
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ventral surface, should be separated from the olfactory bulbs in contact 
with it. These bulbs are the softest portions of the brain and are ad- 
herent to the adjacent bone by means of the numerous small nerves they 
send of[ to pass into the spongy bone, thence into the cavities of the nose. 
Gently depressing the soft bulbs with the handle of the scalpel, snip oS 
sii the restnuning fibrils between the bulbs and the bone with the scissors. 
When the bulbs are free on all sides, the bone-forceps may be carefully 
inserted and this piece of bone also removed. The brain is now in con- 
dition for removal. 

With the scalpel handle peel the dura back from the top of the skull 
which now remains, insert two fingers under the anterior portion of the 
brain and, gently riusing it from its bed in the skull, reach in with the 
scissors and cut the dura free, where it is adherent to the skull on each 
side. Here it forms the lateral boundary of the longitudinal or sagittal ' 
sinus, a trough made by the dura and the skull, containing venous blood 
(i.e. blood returning from the brain to the heart). At a point near the 
cerebellum the scissors meet a firm sheet of dura passii^ transversely 
across the skull top. This is the tentorium * of the cerebellum, which 
separates the cerebellum from the cerebrum, but has a large opening on its 
ventral margin through which the brain stem passes from the cord and 
medulla behind to the cerebral hemispheres in front. Along its attach- 
ment to the skutl, another trough-like sinus ' is found, the transverse 
sinus; its junction with the longitudinal sinus is known as the confluens 
sinuum,* and at this point the dissection from the front must be abandoned, 
the brain dropped back into its place, and the tentorium approached from 
behind. The dura of the cord, medulla, and cerebellum is therefore 
carefully rused from the skull and with one finger under the cerebellum, 
and one under the cerebrum of the same side, the tentorium is snipped oil 
with the scissors near its attachment to the skull. When this is repeated 
on the opposite side, the brain may be hfted out. 

Holding it gently in the hollow of the hand, wash it in slowly running 
water, then lay it on its ventral surface on a bed of cotton and with the 
scissors cut what remains of the dura the entire length of the brain in the 
middle line, reflecting the two halves of the dura onto the ventral sur- 
face. Turning the brain onto its dorsal surface, again cut the dura lon^- 

' Lat. aagiOa, arrow ; straight through the brain from before backward. 

■ Lat. tentorium, tent ; from the manner in which it stretches across the 
BkuU. 

* Lat. sinus, a hollow. 

<Lat. eonfiuent, the place of flowing t4%ether (of the sinuses). 
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tudinally along its middle line as far forward as the pituitary body. Lift- 
ing up each lateral edge, cut away from the dura the cranial nerves that 
are seen to leave the cord, medulla, pons, and crura, and enter the dura, 
making this cut in each case as close to the dura as possible. Under 
no drcumstancea exeri any Iradion upon ihe nenet, lest they be broken off 
short, for the investment of dura which each nerve receives is closely 
adherent and cannot be pulled off. The dura cannot be removed from the 
pituitary body or the optic chiasm, and so must be clipped off close to 
their margins. 

The brain is now ready for preservadon, as it is covered only by its 
thin, closely investing membrane, the pia mater, in which run the blood 
vessels supplying the exterior with nutrition, and by a third, ill-defined 
membrane, the arachnoid,' which intervenes between the dura and pia, 
and cont^na beneath it the cerebro-epinal fluid, which surrounds the brain 
and spinal cord, and occupies their interior. These cannot be safely 
removed until the brain is well hardened, as their removal now would 
lacerate the cerebral substance. That the brain may retain its original 
shape both inside and out, its ventricles should be injected with the 
fluid in which it is to be preserved. If the pituitary body is to be retained, 
make a small sht in the ant«rior side of the little st<im upon which it resta 
(the infundibulum] ; or, if it is removed, a hole is seen in the end of the 
infundibulum, where the pituitary body has been cut away. Into this 
hole inject with a piston syringe and fine cannula the preserving fluid, 
ten per cent formaline, until it is seen to emerge from under the temporal 
lobe. If the brain does not swell up during this operation, the cannula 
has not been properly placed and the operation should be repeated. It 
is best during this operation to hold the brain under the surface of the fluid 
with just the infundibulum emer^ng. Wrap the brain in a layer of cotton 
and rest it gently in the preserving jar ; it should have its position fre- 
quently changed and the injections of the ventricles may well be repeated 
during the first few days, klifn a week in the ten per cent solution, 
an equal amount of water should be added, and in this five per cent 
solution the briun should remain until used. 

The human brain is invested similarly to the sheep's 
by the dura and pia mater, and the tentorixmi is similarly 
placed, though in this case its position is horizontal rather 
than vertical as it runs across the cavity of the skull, owing 

■ Or. araehni, a spider's web. 
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to the fact that the cerebeilum is uadenieatb, rather than 
behind, the cerebrum. In addition, the human brain pos- 
sesses a firm sickle-shaped fold of dura, the faU,> which 
passes down into the great longitudinal fissure between the 
two cerebral hemispheres and runs its entire length, tmitit^ 
with the tentorium behind and below. In its upper border 
is found a venous sinus which corresponds with that of the 
sheep, here called the superior longitudinal [sagittal] sinus, 
as distinguished from another sinus found in its lower free 
margin, the inferior longitudinal [sagittal] sinus. At the con- 
fluens sinuimi both of these meet the transverse or lateral 
sinus, which carries the outgoing blood from the brain to the 
large veins at the base of the skull. 

A word should be added concerning the blood supply to 
the brain through its arterial system. In this r^ard the 
brains of the sheep and man are essentially alike and the 
general description given here will apply to both. Large 
arteries from the neck (and the spinal cord) iinite at the 
base of the brain to form a complete arterial circle sur- 
rounding the pituitary body and the optic chiasm — the 
circle of Willis. From this, arteries pass upward over the 
surfaces of the cerebrum in the principal fissures, being 
closely adherent to the pia mater, in which they are con- 
tained. They supply the exterior and the greater part of 
the interior of the cerebral hemispheres, dipping into the 
cerebral substance from all parts of the surface. The re- 
mainder of the cerebrum receives nutrition from short 
arteries which enter the base of the brain directly from the 
arterial circle, and from other small arteries which pass up- 
ward through the transverse fissure of the brain and its 
ventricles, supplying its interior as the choroid plexus, 
elsewhere described. The cerebellum and brain stem are 
supplied by branches from the arterial circle and spinal 
' Lat. falx, a sickle. 
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arteries, which are distributed over their Burfaces and enter 
their substance from all sides. The v^ious system of the 
interior of the brain will be considered in a later chapter. 
While the method of entering the skull from its base will 
have destroyed all the arteries external to the dura mater, 
the circle of Willis will be found intact beneath the dura, 
and this and the general distribution of arteries adherent 
to the pia should be closely examined, so that a general 
understanding of the blood supply and the investing mem- 
branes of the brain may be obtained at this stage of its 
dissection. 
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The brain of the sheep is particularly adaptable for ele- 
mentary study because it is easily obtainable in the fresh 
state ; it is practically identical in structure with the brain 
of other higher mammals, and is for this reason best suited 
as an introduction to the more intricate, but essentially 
similar, brain of man. In size and form it ranks near the 
upper end of the vertebrate series, and presents for examina^ 
tion all the important constituents of the central organ of 
the nervous system in its highest development. 

At first glance (see Directions A at the end of the chapter), 
the brain as a whole will be seen to consist of three parts. 
The large part occupying the anterior three-quarters is the 
cerebrum, consisting of two great hemispheres, separated 
on their dorsal side by a deep longitudinal fissure, and aris- 
ing, as we have seen, from the primary forebrain. Behind 
this is another prominent body, rounded and freely fissured, 
the cerebellum, a development of the primary hindbrain. 
Beneath these two, occupying the posterior half of the 
ventral surface, the brain stem, from the primary midbrain 
and hindbrain, extends posteriorly into the spinal cord. 
This stem is lai^ly composed of white matter concerned 
in the conduction of nervous impulses to and from the gray 
matter of the parts above ; it is the exterior of this gray 
matter which forms the surface of the cerebrum and cere- 
bellum, i.e. the brain cortex [substantia corticalis]. This 
cortex is seen to be thrown up into well-marked folds or 
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convolutions, separated by grooves or fissures ; the locations 
6i those appearing on the dorsal and lateral surfaces will 
now be considered. 

The main divisions of the cerebrum are known as ^obes. 
the main dividing grooves as ^SgJ^g-i smaller convolutions 
and furrows are called g;^riand_gjJcL' respectively. The de- 
gree of convolution varies greatly among the different 
mammals and no entirely satisfactory explanation has been 
given for this variation, though as a rule higher and larger 
animals show greater convolution than lower and smaller 
ones. Evidently the arrangement of the folds depends upon 
two factors : the amoimt of development of the paUium, or 
cort«x, peculiar to the species, as has been already noted, 
and the size of the skull cavity, which depends on other 
conditions than cerebral extension. Moreover, the fissura* 
tion of the most highly convoluted brains, as that of man, 
is not entirely a further development of the pattern of an 
upper mammalian brain, as that of the sheep, for each 
poBsesses definite fissures to which there is nothing anal- 
ogous in the other. Nevertheless the brain of the sheep 
exhibits the typical fissuration of the mammahan brain, 
and is sufficiently similar to the human brain in this r^ard 
to prepare the student for the complexities of the latter. 
There are, also, three main types of fissures to be detected 
throughout the mammalian series : gft pitt^A,! f^ miir^a. parallel 
to the long axis of the brain ; arcuate ' fissures, which arch 
upward over a vertical fissure on the middle of each side 
of the cerebrum (the fissure of Sylvius) ; and coronal ' fissures . 
of a vertical, ascending type. 

On the dorsal aspect of the sheep's brain two prominent 
fissures stand out in the form of a cross. One of these is 
the longitudinal fissure, which runs from one end of the 

I Lat. ratciM, furrow. * Lat. arcui, a bow. 

* Lat. corona, » crown ; aa a crown would set on the head. 
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cerebrum to the other, separating it into two cerebral 
hemispheres. At the anterior and posterior ends it com- 
pletely separates the hemispheres ; in its central portion it is 
terminated ventrally by a great band of fibers, which passes 
between them, the corpus cdlosum. This fissure, is the 
median cleft which originally divided the secondary fore- 
brain into the two cerebral vesicles, and is therefore constant 
in all but the lowest vertebrates. The second fissure, which 
crosses the lonptudinal, is known as the pruciat e.'' This is 
seen to run transversely from the longitudinal fissure out- 
ward and shghtly forward on each side, at about the junction 
of the anterior with the middle third of the cerebrum ; it 
extends to the lateral border. The prominence and extent 
of this fissure varies greatly in different niammals ; it is 
fairly constant in the higher forms, and is thought to be 
analogous to the fissure of Rolando fcentral sulcus] in man. 
On the lateral aspect, there are also two prominent 
fissures. The first of these is called the rhinal ' fissure and 
extends horizontally on the line where the lateral and ventral 
siuiaces meet, from the anterior end of the cerebrum to 
very near its posterior end. It separates the cerebrum 
proper above, from the olfactory bulb (or lobe), the ol- 
factory root, and the hippocampal gyrus below (named from 
before backward), which constitute the olfactory apparatus 
proper. This fissure att^ns greater prominence in lower 
mammals in which the olfactory dev^opment is relatively 
great, but in man, who exhibits but the atrophied remnants 
of this apparatus, no such structure exists. At about the 
center of this fissure another passes vertically upward on 
the side of the cerebrum, at right angles to the first. This 
is the tjaqijfp ^f SyJy^W [lateral fissure of the cerebrum], a 
very constant and important fissure throughout the series. 
In man this fissure is almost horizontal and extends back- 
1 l4it. ervx, oroBB. * Qr. this, nose. 
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ward, giving off aa anterior and an ascending limb. The 
vertical fissure of the sheep senda off a long anterior and a 
shorii posterior ramus,' the former extending forward nearly 
to the anterior tip of the brain, parallel to and just above 
the rhinal fissure. The main fissure however extends up- 
ward onto the dorsal surface, where it ends just above and 
behind the lateral extremity of the cruciate fissure. 

Arching over the upper extremity of the Sylvian fissure 
is the series of arcuate sulci, four in number. In ruminants, 
such as the sheep, only those nearest the fissure extend for- 
ward far enough to become arched around it, as those near 
the longitudinal fissure are shorter and are more parallel 
to the latter. In most mammals, however, all these sulci 
are similar to the outermost here, and in man slightly similar 
fissures are found. They may be named the first, second, 
third, and fourth arcuate sulci, as they approach the mesial 
line. Another constant sulcus in the sheep, and in some 
other mammals, is the superior frontal sulcus, running 
directly forward from about the center of the cruciate sul- 
cus to near the tip of the cerebrum, where it ends in a 
bifurcation. There are numerous other sulci to be seen on 
the surface of the sheep's brain, but they are neither con- 
stant in position for that animal nor homologous to any 
similar sulci in other species, and so they will not be con- 
sidered further. 

Having examined the fissures, it will now be possible to 
locate the lobes and gyri which they more or less completely 
mark off. There are five lobes to be seen on the external 
surface — the frontal, parietal, occipital, temporal, and ol- 
factory — the completeness of their separation varying 
amoi^ the different animals. In the sheep that portion of 
the hemisphere anterior to the cruciate fissure may be 
termed the frontal lobe; it is seen to be rdatively small, 
> Lat. ramut, branch. 
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as it 13 in all mammals below man, the apes showing an 
intermediate fonn. In man, however, it attains an enor- 
mous size, almost equaling that of the remainder of the 
cerebrum, and forces both the Rolandic and Sylvian fissures 
backward, so that the latter extends more horizontally than 
vertically, and the fonner somewhat so. In man its cortex 
has been held by some to be concerned in the highest mental 
processes and to form the seat of those intellectual functions 
by which he is distinguished from the beasts, the difference 
in development of the frontal lobes somewhat supporting 
this view. It is at least certain that the frontal lobes, 
especially the left, are concerned in ieaming new acts, and 
in the operation of skilled acts and other educated move- 
ments. An area for the motor processes of speech has been 
definitely localized in the inferior lateral region of the left 
frontal lobe (seldom the right), and a center for writii^ 
slightly above it. It is probable that the smaller frontal 
lobes in the mammals below man are closely associated with 
their deficiency in these and other educated motor faculties. 
Behind the cruciate fissure is the parietal lobe, occupying 
about one-half of the remaining dorsal surface and extendii^ 
laterally to the posterior ramus of the Sylvian fissiu^. In 
some mammals (the simians) it is definitely marked oCT 
from the occipital lobe which lies behind it ; but in man the 
division is not apparent on the external surface. In the 
latter, the parietal is separated from the frontal lobe by the 
fissure of ILolando, on the anterior side of which (that is, in 
the cortex of the frontal lobe) ia the general motor area, 
and posterior to it the general sensory area (in the parietal 
cortex) . The motor area of the human cortex runs the length 
of the Rolandic fissure, occupying a gyrus of the frontal 
lobe (the precentral or anterior central gyrus) which is 
parallel and just anterior to it. This area is the origin of 
the great pyramidal tract, which carries voluntary motor 
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impulses to the muscles, via the spinal cord. The general 
sensory area occupies a'similar gyrus just behind the fissure 
(the postcentral or posterior central gyrus), and is the re- 
ceiving station for impulses of sensation from the skin and 
body. Considering the cruciate fissure analogous to the 
Rolandic, it is probable that these relations hold in a general 
way for the sheep, as its motor area has been demonstrated 
in the frontal cortex, anterior to the cruciate fissure (al- 
though motor areas have been found posterior to this fissure 
in some mammals, as the dog). The occipital lobe, which 
occupies the posterior end of each hemisphere, is concerned 
with vision, the visual cortex in man being principally on the 
mesial surface of the lobe, surrounding the calcarine > fissure 
(which has no analogue in the sheep). The temporal lobe 
is that portion of the sheep's cerebrum lying ventrally to 
the parietal and occipital lobes, where the cortex is seen to 
project downward and sUghtly forward as a rounded eleva^ 
tion, the division being about on a line with the posterior 
ramus of the fissure of Sylvius. In man this lobe contains 
the higher center for hearing on the upper part (superior 
gyrus) of its external surface, the main center for smelt 
at its tip, and possibly a center for taste. 

The olfactory lobe is the bulb-like projection seen on 
the under side of the anterior end of each hemispliere, and 
is connected to the tip of the temporal lobe by the long ol- 
factory root lying below the rhinal fissure. On its imder 
side are numerous small nerves which convey impulses up- 
ward from the nose ; it i» therefore a lower center or relay 
for the sense of smell, the higher centers being in the cere- 
brum proper. In most of the vertebrates below the primates 
this sense ( and corresponding apparatus ) is very highly de- 
veloped, the entire forebrain and later the entire cortex 
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being concerned in its reception, as has been stated in Chapter 
I. In such animalg as the sheep these parts are still in a 
highly organized condition, although other centers have 
been added to the cortex. In man, however, the apparatus 
is much smaller, the sense poorly developed, and the higher 
centers relatively restricted. 

The lobes of the brain are subdivided by fissures into 
numerous convoluted folds or gyri, very few of which are 
constant throughout the manmialian series. Many gyri 
are, in fact, inconstant in any one species, and to this the 
sheep is no exception. The superior frontal sulcus divides 
the dorsal surface of the frontal lobe into two well-defined 
gyri ; that nearest the lon^tudinal fissure is the superior 
frontal gyrus and that laterally the median frontal gyrus. 
The cortex of the former constitutes the motor area in the 
sheep, and therefore is not strictly analagous to the same 
gynip in man, which is for the most part anterior to the motor 
area. At the junction of the dorsal and lateral surfaces, 
one or more sulci separate the superior from the inferior 
frontal gyrus, which is limited posteriorly by the Sylvian 
fissure and below by its anterior ramus. Beneath this, 
between the anterior ramus and the rhinal fissure is the orbi- 
tal ' gyrus, which at its posterior end is sunken below the 
surrounding surface of the cerebrum. This depressed por- 
tion constitutes the island of Reil (insula), which in man is 
so overhung by the adjacent folds of the frontal and tem- 
poral lobes (the operculum)' as to be completely hidden 
from the exterior. 

The arcuate sulci divide the parietal and occipital lobes 
into a series of gyri, of which that arching around the Sylvian 
fissure lateral to the first arcuate sulcus may be called the 
Bupra-sylvian [angular] ; that between the first and second 

1 Lat. otMb, a ring or circle ; named from the bony orbit arotind the eye. 
' Lat. operctdum, lid. 
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arcxiate, the lateral arcuate gyrus ; between the second and 
third, the median arcuate gyrus; and between the third 
and the longitudinal fissure, the marginal [supra-marginal] 
gyrus, having the fourth arcuate sulcus on its surface. The 
posterior end of the rhinal fissure separates the upper portion 
of the temporal lobe from Its smooth rounded termination ; 
the latter is continuous anteriorly with the olfactory root 
and is known as the hippocampal convolution or gyrus. 
The constant gyri of the human brain are much more 
numerous than those of the sheep owing to the greater size 
and richer convolution of the former; and as the only 
gyri of the sheep's brain which may be said to be analo- 
gous are the orbital gyrus, the island of Reil, and possibly 
the frontal gyri, the convolutions of the human cerebral 
cortex will not be further considered. 

The cerebellum of the sheep is situated just behind the 
cerebrum, the anterior portion of the former being in close 
apposition to the posterior end of the latter. The one, de- 
veloped from the hindbrain, and the other from the fore- 
brain, together completely conceal the parts developed from 
the midbrain lying between them. In man the cerebellum, 
though absolutely lai^er, is relatively smaller than that of 
the sheep, due lately to the enormous development of the 
cerebral hemispheres ; it lies moreover beneath, rather than 
behind, the cerebrum, owing to the permanent flexures of 
the original brain tube, mentioned in Chapter II. On ex- 
amination, the cerebellum is seen to be characterized by two 
sets of fissures ; the larger, few in nmnber, nm in a longitu- 
dinal direction, while numerous smaller fissures pass trans- 
versely across the convolutions so formed. It is important 
to name only the most prominent of these lobes, as there is 
no clearly defined differentiation of function between the 
parts of the cerebellum. The nerve paths entering and 
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leaving the cerebellum have been traced to different regions 
of its interior, but, as far as is known, the oi^an acts as 
a whole to coordinate bodily movements and maintain 
muscle tone and equilibrium. 

The cerebellum is composed, like the cerebrum, of an outer 
layer of gray matter, or cortex, formed by myriads of neu- 
rones and short fibers, the long fiber processes or axones 
making up a large part of the white matter, or medullary 
core. The prominent lobe which runs around the median 
portion in a longitudinal direction is the vermis ' ; it makes 
almost a complete circle around the cerebellum, the part 
seen on the dorsal side being called the superior vermis, while 
that underneath forms the inferior vermis. The small 
convolutions, or folia,* on the dorsal surface of the vermis 
are usually irregular and coiled upon themselves, there being 
no regular arrangement. On either side of the vermis, there 
are about three well-marked sets of parallel lobes, which 
follow the coiirse of the vermis in passing aroxmd under the 
cerebelliun, and which become smaller laterally. These 
together may be termed the lateral lobes of the cerebellum, 
and in man attain a relatively large size. That portion of 
each lobe which overhangs the sides of the brain stem, con- 
stituting the most lateral foUa of the cerebelliun, is called 
the flocculus ' throughout the mammahan series. Names 
are given to many portions of the human cerebellum to 
which nothing corresponds in the sheep, and in fact there is 
less external resemblance between these portions of the brains 
of the two species than between any other parts. In man 
only the vermis retains the worm-like appearance of the 
whole cerebellum of the sheep, the lateral lobes being flat 
and smooth, with only transverse fissuration. 

The principal structures of the brain stem which appear 

* Lat. vermii, worm. * Lat. folium, leaf. 

* La.t. fimxvlKs, a little tuft of wool. 
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on the lateral aspect of the sheep's brain, will be briefly 
named here and more fully dealt with in the next chapter. 
Just below the hippocampal gyrus two large white nerves 
form a cross, the optic chiasm.' Behind the hippocampal 
gyrus the brain stem esctends backward as the crura," 
enlarges beneath the cerebellum to form the pons and trape- 
zoid * body, and posterior to them forms the medulla ob- 
longata, which at the posterior end of the cerebellimi nar- 
rows into the spinal cord. From the entire length of the 
brain stem the cranial nerves arise ; the third from beneath 
the crura, the foiu^h and fifth from above the pons, the sixth 
below, and the seventh and eighth above the trapezoid body, 
the ninth, tenth, and twelfth from the sides of the medulla, 
while the eleventh extends forward along the sides of the 
cord to reach a position just posterior to the tenth. 

Directions: A. Carefully strip the blood vessels from the entire 
surface of the brain without injury to the cerebral substance. The 
srachaoid membrane will be removed with the vessels, but sonie of the 
pia will unavoidably be left behind. Locate on your specimen the various 
structures as they are mentioned in the text and learn their portions. 

B. Make drawings of the dorsal and lateral, aspects of your specimen, 
labeling all the parts you rect^nize. 

• Qr. chiozein, to make a cross (X). 

• Lat. crua, leg. 

• Or. trapeM, table ; trapezoid, tablfr«baped. 
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Thbkb are many structures on the ventral surface of the 
sheep's brain which require careful study, as a majority 
of them perform important fimctions and almost all have 
a corresponding position in man. This aspect presents on 
either side the ventral portion of the lateral cortex, already 
considered, and just mesial to this the entire external portton 
of the olfactory system, separated from the former by the 
rhinal fissure. The anterior end of the longitudibal fissure, 
which here completely separates the cerebral hemispheres, 
is to be seen in the middle line ; on either side of it is the 
ventral surface of the hemispheres, which may be con- 
sidered to extend laterally to the rhinal fissure. The central 
portion of the posterior half of the ventral siu^ace is, how- 
ever, occupied by the brain stem, which thus covers up 
the parts above it. The most lateral portion of the cere- 
bellum (the flocculus), may be seen on each side of the 
medulla oblongata. 

From the posterior end of the two olfactory lobes, which 
were sufliciently treated in the preceding chapter, the ol- 
factory roots extend backward ; two of them may be seen 
behind each lobe. The lateral root [lateral olfactory 
stria '] is the larger of the two, running backward and out- 
ward to the hippocampal gyrus, with which it is directly 
connected. It is composed of gray matter laterally, and 
white matter mesially, and may be readily seen. The mesial 

> Lat. atria, atreok or line. 
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root [medial olfactory stria] runs backward and inward to 
the longitudinal fissure. It is smaller than the lateral root, 
but is readily found. It extends into the interior of the 
frontal lobes on their mesial surfaces, thus directly connecting 
the olfactory lobes with this portion of the cortex. The third, 
or internal, root [intermedial olfactory stria] lies between the 
other two ; it runs directly into the brain substance and so can- 
not be seen except in dissection. Extending backward, each 
internal root becomes connected with its fellow by a transverse 
band, the anterior conmiissure, which will be studied later. 

The olfactory lobe rests in a depression in the base of 
the frontal lobe, the olfactory sulcus ; in the human brain 
this is but a narrow furrow, but has the same name and posi- 
tion. The convolution between each olfactory sulcus and 
the longitudinal fissure is the rectal ^ gyrus ; it extends for- 
ward onto the anterior portion of the frontal lobe, having 
an analogous position in man. The area behind this, 
bounded laterally by the olfactory tract, and mesially by the 
longitudinal fissure, is called the anterior perforated space 
[anterior perforated substance], because of the perforations in 
its surface due to the entrance of numerous small arteries into 
the cerebral substance. Its gray matter forms a part of the 
olfactory cortex, and it is present, though smaller, in man. 

The prominent bundle of fibers which form a white cross 
at the posterior limit of the longitudinal fissure is the optic 
chiasm or commissure. It is formed by the optic nerves, 
which, arising in the retina of the eye, and passing upward, 
backward, and inward, meet at the base of the brain, where 
their fibers separate, the lateral half of each continmng on 
the same side, the mesial half of each crossing to the opposite 
side, thus forming the chiasm. Beyond the chiasm, these 
fibers become the optic tracts, which pass upward on each 
side of the brain stem beneath the hippocampal gyrus and 

> Lat. recfue, straight. 



ty Google 



VENTRAL SURFACE 49 

terminate in the optic thalami [thalami], developed from the 
walls of the early interbrain. Posterior to the chiasm there 
is found in most specimens (if removed as directed) a large 
ovoid body, the hypophysis. This has been sufficiently con- 
sidered in Chapter II. Connecting it with the part above 
is a slender stalk composed of gray matter and blood vessels, 
the infundibulmn ; if this is opened it is seen to be hollow, 
communicating above with the cavity of the interbrain, 
the third ventricle. The infundibulum projects from a tri- 
angular eminence of gray matter, the tuber cinerium, which 
at its narrower posterior end terminates in a pair of roimded 
bodies, the mammiUary bodies (sometimes only one is seen). 
These parts form the floor of the interbrain, which is con- 
tinued forward and upward in front of the optic chiasm as 
a narrow wall, the lamina terminalis, the morphological 
connection with the forebrain. 

On either side of the tuber cinerium is an extremely large 
bundle of white fibers, the two converging posteriorly. 
These are the crura [peduncles ^l of the cerebrum, and are 
made up of almost all the nerve fibers which pass between 
the basal ganglia and the cortex {i.e. the higher brain centers), 
and the lower centers in the brain stem, cerebellum, and spinal 
cord. They form, then, the essential part of that portion of 
the brcun stem which is the direct continuation of the fibers of 
the cerebral hemispheres, and are derived from the primary 
midbrain, of which they form the floor. Between them is a 
narrow cleft, the posterior perforated space [posterior perfo- 
rated substance] of the same nature as the anterior perforated 
space, but relatively smaller than that found in man, 

Beneath the cerebellum is a large bundle of fibers arching 
around the strands of the crura, the pons. Its transversely 
disposed fibers pass upward on either side into the white 
matter of the cerebellum, forming the middle peduncles 

' Lat. pedunejilus, little foot. 
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of the cerebellum [brachia * pontis]. The crural fibers are 
thus surrounded at this point by the pons beneath and the 
cerebellum above, although some of the fibers pass be- 
tween and interlace with the transverse pontal fibers. On 
either side of the middle line, an elevation extends backward 
from the posterior border of the pons, indicating the posi- 
tion of the fibers from the motor area of the cortex, which, 
having passed through the crura, have emerged from under 
the pontal arch. From the resemblance of each to a pyramid 
(especially in man) they give their name to the whole sys- 
tem — the pyramidal tract. A transverse band of fibers, 
called the trapezoid body, is seen to run outward from the 
lateral margin of each pyramid just behind the pons ; this 
probably corresponds to the same structure in man, which 
is not visible externally, and is made up of fibers arising at 
the entrance of the eighth (auditory) nerve, which, passing 
across to the opposite side, form a portion of the path from 
the ear to the cortex. 

The club-shaped enlargement between the trapezoid body 
and the spinal cord is the medulla oblongata, formii^ the 
floor of the afterbrain ; the pyramids make up its extreme 
ventral part. Other tracts of fibers make more or less notice- 
able elevations on the ventral surface of the medulla ; there 
are also two sunken masses of gray matter known as the 
olives, which produce a prominence on either side of the 
pyramids just behind the trapezoid body. Throughout the 
length of the pons, trapezoid body, and medulla, a ventral 
sulcus runs in the middle Hne. It is to be noted that the 
brain stem is essentially made up of nerve fibers, although 
there are many isolated nuclei of gray matter scattered 
throughout the interior ; the appearance of this portion of 
the brain is therefore white, while the cerebrum and cere- 
bellum are gray, as only their cortices are visible. 

' Lat. braehiitm, ana. 
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As the superficial origins of all the cranial nerves (i.e. their 
points of emergence from the brain surface) are to be seen on 
the ventral surface of the brain, it will be well to describe 
them here. These nerves are found in twelve pairs, and 
have either sensory or motor functions, or both. They 
supply the head (just as the spinal nerves supply the body), 
entering the brain from the sense organs and skin of the face, 
i.e. sensory to the head, or leaving the brain to supply the 
muscles of the head, i.e. motor. The deep origins of these 
nerves, as the nuclei of the nerve cells from which they 
arise are called, will be traced later ; but it is to be noted 
here that the fibers of all the cranial nerves, or fibers of 
neurones which make relays with them, originally b^n or 
eventually terminate in the gray matter of the cerebral 
cortex. 

The first and second nerves are the olfactory and optic, 
respectively, and have been already examined. The third 
or oculomotor > nerves are of good size and leave the inner 
borders of the crura laterally to the posterior perforated 
space ; they are motor and supply all but two of the muscles 
which move the eyeball. The fourth, or trochlear,* is 
a small nerve arising on each side of the dorsal surface of 
the hindbrain and is seen winding downward and forward 
in the space in front of the pons, between the crura mesially 
and the under surface of the cerebellum laterally. It is 
a motor nerve, controlling the superior oblique muscle of 
each eye. The large flat nerve extending forward from each 
lateral border of the pons is the fifth, or trigeminal,* nerve. 
This nerve is mixed, i.e. it possesses both a motor and sen- 

■ Lat. oculua, eye, tuid mmiere, to move. 

' Or. troehUia, a pulley (the muBcle moved by this ura^eworks through 
a pulley). 

* Lat. tri, three, and geminiu, twin (there are three dividons to the 
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sory part. The former is much the smaller of the two and 
may be readily seen as the most ventral or mesial portion 
of the bundle; this supplies the muscles of mastication, 
while the larger portion is sensory, arising from the skin 
of the face. 

The sixth, or abducens,' is a small nerve arising from the 
mesial end of the trapezoid body at each border of the pyram- 
idal tract ; its function is motor, passing to the external 
rectus muscle of each eye. In a lateral position to this, the 
seventh or facial nerve, motor to all the facial muscles but 
those supplied by the fifth, extends outward from the trape- 
zoid body. Just posterior to the seventh, the eighth or 
auditory [acoustic] nerve is seen to arch downward from above. 
The superficial origin of the eighth is on the dorso-lateral 
surface of the medulla oblongata, hidden beneath the cere- 
belliun ; it is sensory from the ear, being the nerve of hear- 
ing and equilibrium. 

In a groove along the external lateral border of the me- 
dulla a series of nerve filaments are given off which become 
grouped into one or more nerve bundles, which later separate 
out into two distinct nerves, the ninth or glossopharyngeal,' 
and the tenth, or vagus.* The first of these has its super- 
ficial origin in the groove just lateral to the oUve, and is 
a sensory nerve from the back of the mouth and pharynx, 
being also the nerve of taste for the posterior third of the 
tongue. The vagus, whose filaments arise posteriorly 
to those of the ninth, is both motor and sensory, and has 
a very large and complex distribution, to the heart, limgs, 
and entire respiratory system, and to all the abdominal 
oi^ans except those in the pelvis. On the same line with 

1 Lat. ab, awa;, and dueere, to lead (the eye is moved outward by the 
external rectus muscle). 

■ Qr. glSMa, tongue, and pharynx, ^'hasjjtx. 

' Lat. vagere, to wand^ ; from its large distribution. 
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these two nerves, but behind them, the eleventh or spfaial 
accessory is seen running forward along the sides of the 
cord and medulla oblongata, receiving filaments from 
both, and finally leaving in company with the ninth 
and tenth. The eleventh nerves are motor, supply- 
ing in man two prominent muscles on each side of 
the neck. The twelfth pair of nerves, the hypoglossal,* 
arise in the ventral surface of the medulla oblongata, at 
the posterior end of the lateral border of each pyramid ; 
they are motor nerves, innervating the muscles of the 
tongue. 

The medulla oblongata must be considered as two essen- 
tially distinct mechanisms : one, a transmission system for 
impulses passing between the higher centers and the spinal 
cord ; the other, the seat of local reflexes furnished by the 
afferent and efferent connections between the medulla itself 
and the body. The nuclei and fibers concerned in the local 
mechanisms are to be found, in general, near the center of 
the brain stem, and are overlaid by the fibers from more 
distant parts, which are of later evolution. The funda^ 
mental nervous mechanisms of the lower vertebrates are 
therefore partially represented in the higher by the scattered 
masses of gray matter deeply laid throughout the medulla 
oblongata, which still retain functions of vital significance. 
Containing the local reflex centers for the cranial nerves, the 
medulla must be, from its connections through the tenth 
nerve, the center of control for respiration, the beat of the 
heart, the size of the blood vessels, and for many less vitid 
reflexes. That connections of ever-increasing complexity are 
made between the fundamental and later developing systems, 
does not interfere with this conception that the medulla 
oblongata is composed primarily of these two mechanisms, a 
conception which the student will find very useful in gain- 
) Gr. hj/po, under, and glOua, tonsue. 
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ing an understanding of this complicated portion of the 
brain. 

DiBiKmoifs: Examine and draw the ventral surface of the sheep's 
brun. Compare the exterior (dorsal, lateral, and ventral surfaces) of the 
sheep's brain with a model of the hum&n brain (or the exterior of a pre- 
served human brain, if possible}, noting the similarities and differences of 
general shape, fisauration, and the position and development of alt parts 
mentioned in the text. This comparison to the human brain model 
should be made at every stage in the dissection of the brain of the sheep. 
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Bt making a mesial loi^tudinal section of the sheep's 
brain (see directions), a greater part of the remaining sur- 
face of the cerebral hemispheres, and many structures which 
furnish an important clue to the anatomy of the interior 
of the brain, are exposed. This si^ttal or mesial aspect 
presents, in addition to the corresponding surface of the 
hemispheres, a median section through all the great com- 
missures, as the corpus callosimi and the fornix, and the 
smaller commissures, as the anterior and posterior; it 
lays bare the cavities of the interbrain, midbrain, hindbrain, 
and interbrain, displaying the structures which compose 
their walls, and its sections the cerebellum in such a manner 
as to show the relation of its white and gray matter to good 
advantage. 

It is questionable whether the gyri to be seen on the 
mesial surface of the hemispheres are at all analogous to 
those of man. Moreover, the nomenclature of these gyri 
in man is somewhat compUcated, and the transposition of 
these names to any of the mammals is arbitrary. This 
surface in the sheep exhibits, however, at least one constant 
sulcus, which lies between and parallel to its dorsal edge 
and the corpus callosum, the large white fibrous mass lying 
ventrally. This sulcus may be called the sulcus cinguli ' 
or the calloso-marginal sulcus, and the gyrus between it and 
the corpus callosum, the gyrus cinguh. This gyrus runs 
I Lat. eingulum, girdle. 
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around the anterior end of the corpus callosum, and then 
ventrally, where it may be seen to be joined by the mesial 
root of the olfactory lobes, being known as the sub-callosal 
gyrus at this point. Posterioriy, it runs backward and down- 
WM*d around the posterior end of the corpus callosum, thence 
downward on the mesial surface of the temporal lobe, to 
join the hippocampal gyrus, as may be seen by lifting the 
temporal lobe away from the brain stem. (This portion of 
the hemispheres will be more carefully examined in a later 
dissection.) The gyrus cinguli and hippocampal gyrus thus 
form an almost continuous ring around the corpus callosum 
and upper brain stem, and these gyri, with the remainder 
of the olfactory apparatus, form what is known as the 
fornicate ' or limbic * lobe. 

Above the sulcus cinguli, the mesial surface may be con- 
sidered as one gyrus, thouj^ broken up by several fairly 
constant sulci. This we will call the marginal gyrus, and 
its parts comprise the mesial surface of the various external 
lobes which have already been studied. In man, there are 
more or less definite sulci on this surface, which indicate 
the divisions between the lobes on the external surface 
(especially between the parietal and occipital), but in the 
sheep no analogous parts are Indicated. Sometimes an 
intermediate gyrus may be detected between the callosal 
and marginal, and a very constant sulcus, the splenia!,* is 
seen to separate it posteriorly from the marginal gyrus 
above it. These latter structures have no significance 
other than that attached to the main lobes of which they 
are a part. The gyrus cinguli and hippocampal gyrus, 
however, complete the circle of the limbic lobe, which is 

> Lat. fomicatus, arched (fornix, arch). 
* Lat. limbua, border. 

■Or. apUnion, bandage; the splenium of the corpna oaUosmn, from 
whioh this is named, has this appearanoe. 
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formed in addition by the mesial root of the olfactory lobe, 
the subcallosal gyrus, and the lateral root of the olfactory 
lobe, and are therefore considered an essential part of the 
olfactory apparatus. Certainly, in the lower animals, 
whose olfactory systems make up almost the entire fore- 
brain, these parts seem to form an important cortical area 
for smell; in the poorly developed himian apparatus, it 
is questionable whether the gyrus cinguli, at least, is still 
retained for this function. 

Those connections of the olfactory system which have 
been worked out are very compUcated, and have no place 
in an elementary treatise. It is, however, necessary to 
consider in addition to the limbic lobe those portions which 
make up such important structures as the fornix and an- 
terior commissure. The former is the prominent white 
sickle-shaped band, seen in the mesial aspect, lying under 
the posterior end of the corpus callosum, and arching for- 
ward and downward to be lost near the base of the brain, 
behind the optic chiasm. It is composed of transverse 
fibers at its posterior part, running from one hippocampal 
gyrus up along the floor of the cavity of the temporal lobe, 
and then across the middle line to the hippocampus of 
the opposite side ; this portion of the fornix is known as the 
lyre* [commissure of the hippocampus], and is seen here in 
cross section. The remainder of the fornix forms its pillars 
and consists of longitudinal strands, called the fimbrisB 
[fimbriae of the hippocampus], which run upward from each 
temporal lobe in a manner similar to the fibers of the lyre, 
but on reaching the median plane turn forward and arch 
downward, into the sides of the interbrain. Here they reach 
their ventral termination in the mammillary body of each 
side, where the fibers turn and pass upward into the optic 
thalami, and thence the fibers relay onward in the brain 
' Lat. lyrd, lyre. 
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stem. (The optic thalamus is seen on the mesial section 
as a large rounded grayish mass just dorsal to the mam- 
millary body.) Those fibers of the fornix in the temporal 
lobe are called the posterior pillars [crura] of the fornix, 
those passing into the interbrain its anterior pillars [columns 
of the fornix], and the portion in the median plane between 
these is known as the body of the fornix. 

At a point in the anterior pillars, just in front of the optic 
thalami, is a round white spot, representing the transversely 
cut fibers of the anterior commissure. We have seen that 
this is formed by the internal roots of the olfactory lobes 
on each side, the two roots and the commissure forming 
a horseshoe-shaped bundle of white fibers. In the sheep 
very few connections are made by the anterior commissure 
other than this. In man, however, the greater part of these 
fibers extends backward and outward on either side, and then 
down through the temporal lobes to the hippocampal lobe, 
thus forming a commissure very similar to the lyre ; whether 
this conunissure is entirely of olfactory fimction is ques- 
tionable. It is evident from the foregoing that the olfactory 
system is of relatively great importance in the sheep, and 
of even greater importance in lower animals, as the reptiles, 
and that for them consciousness must be largely confined to 
a world of smell. 

The corpus callosiun, the great band of fibers passing 
across the middle line between the two hemispheres, has 
already been noted on this section, cut transversely. The 
posterior club-shaped end is called its splenium ; anteriorly, 
it bends sharply downward as the genu,' and ends in a short 
posterior extension, the rostrum,' the tip of which closely 
approaches the anterior surface of the fornix. Its fibers 
spread out laterally in all directions to the cortex of each 
hemisphere, as will be noted in a subsequent dissection. 

I Lat. gtmi, knee. ' L>at. rostrum, b«ak. 
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Between the anterior half of the corpus callosum above and 
the pillars of the fornix behind and below, is a triangular 
space filled in by a double layer of thin membrane. This 
membrane is the septum pellucidum, and the cavity be- 
tween its two layers the fifth ventricle [cavity of the septum 
pellucidum], as explained in Chapter II. On either side 
of the septum pellucidum is a part of the cavity of each 
cerebral hemisphere, the lateral ventricle, which may be 
seen by cutting through the septxim. A reference in Chap- 
ter II (the student should constantly refer to the first two 
chapters dxiring his dissection), will make plainer the mor- 
phology of the structures so far considered in the present 
chapter, which have all arisen from the secondary f orebrain 
or prosencephalon. 

Just below the rostrum and the fornix, the lower anterior 
wall of the interbrain, the lamina terminalis, is seen; its 
significance has been previously considered. Below it, 
the median section of the optic chiasm appears ; from this 
the optic tract runs upward and backward on the outer 
side of the brain stem to end in the optic thalamus. The 
median section of the latter has already been noted in this 
brain section, forming the lateral wall of the cavity of the 
interbrain, the third ventricle. The optic thalami will be 
seen again later, but it wiU be well to note that they are 
formed of gray matter, i.e. of the cell bodies and connect- 
ing fibers of neurones which furnish important relays for 
the incoming fibers of the optic tracts and for the general 
sensory (and other) fibers entering through the brain stem 
on their way to the cortex. The large central portion of the 
thalamus is seen to have been cut in making this section. 
This is the middle or gray commissure [intermediate mass], a 
point where the thalami on either side meet in the median 
plane ; it is not, therefore, a true commissure, as this term is 
apphed more properly to fibers passing across the middle line. 
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The third ventricle is a narrow cavity compressed into a 
flat ring by the encroaching thalami and gray commissure. 
It commimicates with the lateral ventricles of the hemi- 
spheres by the opening on either side, and just behind, the 
most anterior part of the body of the fornix, and above the 
anterior commissure, called the foramina of Monro [inter- 
ventricular foramen]. It also extends downward into the 
infundibulxun, which may be seen on the ventral border 
between the optic chiasm and the mammillary body, connect- 
ing with the large gray pituitary body below the latter. 
Above the ventricle and behind the thalamus is the vestigial 
pineal body, to which run anterioriy the habenu!ie,' 
containing fibers concerned in the olfactory mechanism. 
The pineal lamina forms the remiiinder of the roof of the 
interbrain, which is continuous with the roof of the mid- 
brain behind it. Between the splenium of the corpus callo- 
sxun above, and the roof of the midbrain below, the velum 
interpositum [choroidal tela of the third ventricle] described 
in Chapter II,JQSI^K£irf^ extending forward, it pushes 
downward into the third ventricle the thin anterior portion 
of its roof, furnishing the ventricle with the choroid plexus.' 

The parts of the midbrain are less numerous and compli- 
cated than those of the two anterior brain areas. The roof 
of this division is seen to consist of thick plates, the lamina 
quadrigemina, so called because of the superimposed optic 
lobes, or corpora quadrigemina. These are four rounded 
elevations placed in two pairs, superior and inferior (su- 
perior and inferior coUiculi), the superior being much the 
larger ; a superior and inferior lobe of one side are there- 
fore to be seen in the present section. Wlule they are 
known as the optic lobes, only the superior pair is con- 
cerned with vision, constituting one of the lower centers 
for this sense, while the inferior pair forms a lower center 
' Lat. habena, rein. 
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for hearing. On the anterior end of the lamina quadri- 
gemina, a round white spot indicates the transversely cut 
fibers of the posterior comniissure of the brain. This 
cominissure presumably connects the two optic thalami 
together, i,e. it is a commissure of the interbrain, and it 
also contains fibers which cross to the thalamus of one side 
as a continuation of longitudinally disposed fibers in the 
dorsal part of the floor of the midbrain behind, these fibers 
probably carrying sensory impulses upward. 

The floor of the midbrain is made up of the crura, two 
great nerve bundles of the anterior brain stem. They are 
seen Id this section cut longitudinally; anteriorly, their 
fibers run outward, forward, and upward, to the sides of 
the interbrain (thalami) and the hemispheres; posteriorly 
they are connected with the fibers of the medulla oblongata. 
The cavity of the midbrain is a narrow passageway, the 
aqueduct of Sylvius [aqueduct], connecting the third ven- 
tricle in front with the cavity of the hindbrain, the fourth 
ventricle, behind. 

The remaining parts to be seen on the mesial surface of 
the brain are derived from the two divisions of the primary 
hindbrain, i.e. the secondary hindbrain and the afterbrain. 
From the former are to be observed the large cerebellum 
above and the pons below; the latter is composed mainly 
of the medulla oblongata. This section of the cerebellum 
displays the arrangement of its white and gray matter, the 
gray cortical portion, containing nerve cells, occupying the 
exterior and dipping inward between the tree-like prolonga- 
tions of the white interior, composed of meduUated nerve 
fibers. To this appearance of the white matter the older 
anatomists gave the name of arbor vitfe.' The white 
matter reaches the surface of the cerebellum for the most 
part at t^e sides of its ventral siuf ace and therefore appears 

' Lat. arbor vitiE, tree of life. 
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to be entirely iaternal in the median section. This fibrous 
interior is a direct continuation of the three pedimcles of 
the cerebellum on each side, one pair of which, the middle, 
were seen on the ventral and lateral surfaces of the brain. 
These nm downward around the brain stem, to become 
continuous with the pons, which is to be seen here in cross 
section as a large white oval body on the ventral surface 
of the section, directly under the cerebelliun. The pons 
forms the floor of the hindbrain, and through it and just 
above it the longitudinal fibers pass between the crura and 
the medulla oblongata. 

The cavity of the hindbrain enlarges as it passes back- 
ward to form the anterior half of the fourth ventricle. The 
posterior half of the ventricle ia similarly formed by the 
anterior enlargement of the cavity of the afterbrain. In 
addition to the cerebellum, the roof of the hindbrain is made 
up anteriorly of a thin sheet, the anterior medullary velum, 
or the valve of Vieussens, which connects the cerebellum 
and the corpora quadrigemina, or roof of the midbrain, in 
the middle Une. Behind the cerebelliun is another similar 
membrane, the posterior medullary velUm, which is the 
anterior part of the roof of the afterbrain, and connects the 
afterbrain to the cerebellum. Thus the cerebellum with the 
anterior medullary velum forms the anterior portion, and 
the posterior medullary velum, the posterior portion, of 
the roof of the fourth ventricle, while its floor and sides 
are made up by the floor and sides of the hind and after- 
brains, as was described in Chapter II. The pia mater 
over the posterior medullary velum and the velum are 
pushed inward by blood vessels, forming a choroid plexus 
for the foiuirh ventricle. 

The floor of the afterbrain is much thicker than its 
roof and forms an essential portion of the brain stem, the 
medulla oblongata. This region is composed both of fibers 
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passing between the spinal cord and the crura, and of areas 
of gray matter or nuclei which form important relays for 
the fibers of the many cranial nerves which it gives off, 
and for fibers passing to and from the cord, as explained in 
Chapter V. The posterior portion of the afterbrain cavity 
is narrower than the anterior and forms the central canal 
of the medulla oblongata, being continuous with the central 
canal of the spinal cord, the medulla merging into the cord 
posteriorly. 

DmElCTlONS: With a long thin-bladed knife, cut the brain into two 
lateral halves by pasdng it into the longitudinal fissure, after separating 
the hemispheres with the fingers, and makii^ one sweepii^ downward 
cut in an absolutely vertical direction. If the two sagittal portions are 
found to be slightly unequal, choose the larger for the present chapter, 
tmnnung it down on its mesial face until the exact middle line is reached. 
Examine and draw as in the previous sections. 
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THE COHPUS CALLOSUM AND THE LATERAL VENTRICLE 

Having followed the directions (A) at the end of the chap- 
ter, the student may now turn to the study of the structures 
he has exposed. The first sweep of the knife has sectioned 
the cerebrum horizontally, displaying the arrangement of 
its white and gray matter. The cortex is seen to occupy 
the extreme edge of the section, dipping in with the sulci, 
thus greatly increasing its area without correspondii^ly 
increasing the total size of the hemispheres. In the sheep's 
brain the cortex is about one eighth of an inch thick. It is 
composed, as has been said, of the cell bodies and short 
connecting processes of multitudes of neurones, whose long 
fibers or axones, together with the axones from pther cells, 
make up the great white interior of each hemisphere. This 
internal or medullary portion, cut across as it is in the 
present section, is designated the centrum semiovale.' It 
represents the cut fibers of cells lying in the cortex about it, 
or in the nuclei and ganglia at a lower level, i.e. fibers passii^ 
out of or into the cortex — the cerebral projection fibers 
— and fibers passing between two different areas of the cor- 
tex either on the same or opposite sides of the brain — the 
cerebral association and commissural fibers, respectively. 
After the examination of this area, recourse should be ^ain 
made to the directions for dissection (B), and the next 
lower level exposed. 

I^ec orpus callosum is the great commisaure of nerve 

' Lat. centrum aemiovale, semioval center. 



ty Google 



CORPUS CALLOSUM AND LATERAL VENTRICLE 67 

fibers passi ng transversely across the brain, connecting the 
Jtwo cerebral hemi spheres. Most of the commissurea so. 
Jar exa mined have b een concerned with nlffljit.ifin ; t.hp frtj- 
.piis calloium, however, is concerned in n.'wnma t.ing t.hnap 
pnrtidTia of thp pn4i<;ps nf thft twn hftTpiap>iArpa whir^h mftl^P 
^ip thp. nrPHB pHT-t-.impiit.ing jn ctthfT fiinptinna, The deVcl- aJ^ tX. 

opment of the corpus callosum is, therefore, conimensuraterjl*''*^ 
with that of the cerebral cortex ; for we have found that ' 
the small cerebrum of the lower vertebrates is principally 
concerned with the reception of smell, and that the expan- 
sion of this area goes hand in hand with the acquirement 
of higher centere for the remaining senses. In man, there- . 
fore, the corpus ft ftlloHiim, ia larffor than in ^.r^y other mfli rnriftl, 
m rrRapnnHin ff ^ fht^ vnatiy gfopt^r nrr n nf pfrpbrnl T"rfpv 
which he t 



The division of the corpus callosum into rostrum, genu, 
body, and splenium has been seen Id its longitudinal sec- 
tion in the previous chapter. In tearing away the overlying 
gyri, it has no doubt been also observed that the fibers of 
the corpus callosum spread out in various directions from 
the middle hne — upward, downward, forward, and back- 
ward, but in all cases, outward as well. These radiations 
of fibers cannot, naturally, be adequately shown in any* 
one dissection, as the majority must be torn away or ripped 
across to display the course of a few. It can be readily 
understood, however, that the fibers of the corpus callo- 
sum connect all portions of the cortices of the various lobes 
and gyri of one cerebral hemisphere with those of the 
other. As the strands pass from the genu outward and 
forward into the frontal lob^, they form, by their shape, 
what is termed the forceps anterior or minor ' [frontal part 
of the corpus callosum], and a similar radiation backward 
into the occipital lobe is known as the forceps posterior, or 

' Lat. forceps minor, lesser tongs. 
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major' [occipital part of the corpus callosmn]. As they 
pass laterally, many will be Been to dip downward and 
forward, entering the temporal lobe. Here they form the 
roof of the inferior horn of the lateral ventricle (that por- 
tion of the lateral ventricle which constitutes the cavity 
of the temporal lobe), although a thin layer of association 
fibers running between the frontal and occipital lobes on 
each side separates them from the ventricle proper, the 
whole forming a roof called the tapetum.* As they pass 
outward, also, they are somewhat separated by the pass^e 
between them of the fibers passing upward and downward 
from the cortex, the projection fibers, and the association 
fibers connecting various areas of the cortex of the same 
hemisphere. 

While most of the fibers of the corpus callosum are trans- 
verse, there are four very small strands on the dorsal surface 
which run longitudinally. The two farthest from the middle 
are known as the lateral longitudinal strise, and those near 
the middle line are the median longitudinal strise ; together 
they constitute the strife of Lancisi. They are undoubt- 
edly atrophied gray matter and connect the dentate gyrus 
[dentate fascia] and faciola clneria ' at the p(^terior end of 
the corpus callosum, with the subcalli^al gyrus under its 
anterior end. They represent some of the early olfactory 
tracts and gyri vestigial in the higher mammals. Another 
similar bimdle which may be mentioned in this connection 
is the cinguliun, a narrow but well-defined band of fibers 
just overlying the corpus callosum but contained in the 
substance of the gyrus cinguli ; it nms upward and back- 
ward around the corpus callosum from the anterior per- 
forated space to the temporal lobe, giving off fibers to the 

> I^t. forceps major, Kfetbtw tongs. 

* Gr. taplt, a mat. 

' Lat. fasciola eineria, ash-like little bandage. 
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cortex of the gyrus cinguli. It may be considered an asso- 
ciation tract of the olfactory system and an intimate por- 
tion of the limbic lobe. 

The corpus callosum having been removed from one side 
as directed (C), the lateral ventricle is exposed to view. 
The two lateral ventricles are, as we have seen many times, 
the cavities of the cerebral hemispheres, communicating 
with the third ventricle, and so with the whole ventricular 
system, by the foramina of Monro. Each cavity is long 
and narrow and in man consists of a body [central part] 
and three horns, the anterior horn projecting forward and 
downward into the frontal lobe, the posterior straight back- 
ward into the occipital lobe, while the inferior curves out- 
ward and downward into the temporal lobe. There is no 
posterior horn in the sheep, the body of the ventricle con- 
tinuing directly into the inferior horn ; the anterior horn, 
on the other hand, is proloi^ed forward into the olfactory 
lobe. 

The roof of the lateral ventricle is formed by the fibers 
of the corpus callosum and the tapetiun; mesially, it is 
bounded by the body of the fornix and the corpus callosum, 
with the septum pellucidiun between them; laterally, by 
the corpus striatum, the large basal gangUon with inter- 
vening fibrous strands located at this point in each hemi- 
sphere ; anteriorly, by the genu of the corpus callosum ; pos- 
teriorly, by the junction of the hippocampus with the 
posterior fibers of the corpus callosum and with the medul- 
lary interior of the occipital lobe. The parts which make 
up the floor of the ventricle are, from before backward: 
the caudate nucleus ' (a part of the corpus striatimi) , the 
choroid plexus of the ventricle (with the optic thalamus 
beneath it), the fimbria, and the hippocampus. These are 
seen in the present dissection and should be located now. 

' Lat. cauda, tail, and nux, a nut. 
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The entire interior is lined with a thin epitheUal membrane 
derived from the original nervous substance, the ependyma, 
which in fact fonus a continuous lining for all the cavities 
of the brain. 

The roof, the anterior, and the mesial walls of the lateral 
ventricle have already been examined. The most anterior 
gtniflturf fniinrl i^^ \*^ lit?"'' '° *^p fflnda te nucleus, a gre at 
nuclear mass which, with a similar bodv. the lenticular ^ 
n^ncleus , Hentiform nucleus], and a g reat bimdle of projeo- 
tioT^ fibprij p a ssing between them, the mtern ai capsule, 
.makes up the corpus striatu ra^. The latter is formed (as 
was observed in Chapter II) by a thickening of the floor of 
the early cerebral vesicle ; it is one of the most important 
of the basal ganglia or primary centers, and its cell bodies 
form an important relay station for the fibers which pass 
through it on their way to or from the cerebral cortex. 
Only the caudate nucleus is seen on the floor and sides of 
the lateral ventricle, the internal capsule lying laterally 
and posteriorly to it, while the lenticular nucleus is ventral 
to the capsule. In man the caudate nucleus may be seen 
posteriorly as a long slender tail-like process arching back- 
ward over the lateral border of the optic thalamus and 
around its posterior end to its under surface ; in the "sheep 
the optic thalamus is not visible in the floor of the 
ventricle, being concealed by the choroid plexus, but the 
tail of the caudate nucleus, while not as long as in man, has 
the same relation to it. In the furrow between the cau- 
date nucleus and the thalamus, which cannot be seen until 
the frii^e of choroid plexus is removed, is a slender band 
of white fibers, the stria terminalis,* which arises in the 
head of the nucleus and runs alongside it to the extremity 
of its tail. It is thought to be a fiber tract of the olfactory 
system. The relations of the corpus striatum to its sur- 

' Lat. Unt, a lentil. * Lat. itria, a streak or line. 
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rounding structures will be better understood when it is 
seen in the brain sections to be examined in Chapter IX. 

In the consideration of the median sagittal section of the 
brain, it was stated that the fornix was composed of two 
kinds of fibers : one, the commissural, passing from one 
temporal lobe to the other, forming the posterior portion, 
or lyre ; and the other, fibers which make up the fimbria 
and the anterior and posterior pillars, a traiwmission sys- 
tem for impulses between the temporal lobes and the optic 
thalami, the whole fornix being primarily concerned in 
olfaction. If the reminder of the corpus callosum is now 
removed, almost the entire fornix may be seen, and it will be 
imderstood how each fimbria, passing upward and forward 
along the floor of the inferior horn, forms a portion of the floor 
of the body of the lateral ventricle as well, and unites with its 
fellow from the opposite side to fonn the body of the fornix. 
The fimbria, enlarging as it ascends, is continuous with the 
concave border of the hippocampus along its entire length 
and, with the latter, encircles the optic thalamus beneath. 

Morphologically, thb portion of the fornix is the original 
ventromesial mai^ of the cerebral vesicle; it forms, 
therefore, a portion of the exterior of each cerebral hemi- 
sphere, which we have seen is everywhere else composed of 
gray cortical material. The cortex, however, stoi« short 
in the hippocampus and this surface of the hemisphere 
lying upon the optic thalamus (interbrain) is continued 
over to the caudate nucleus by the white matter of the 
fimbria, and by the thin ependyma which stretches from the 
free border of the fimbria to the nucleus. Thus the cerebral 
wall between the fimbria and the nucleus is reduced in thick- 
ness to one layer of cells, but it is, nevertheless, intact. The 
appearance of this area along the edge of the fimbria gives, 
however, no indication of the continuity of the wall, for the 
latter is everywhere pushed in by a dense fringe of small 
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arteries invested with pia mater, the choroid plexus of the 
lateral ventricle ; and the ependyma, though still covering 
it, and morphologically excluding it from the ventricle, 
cannot be discerned by the naked eye. As stated in Chapter 
II, the velum interpositum, containing the blood vessels 
which make up the plexus, enters in the transverse fissure, 
the lateral extension of which is the choroid fissiu^, the 
latter being none other than the infolding of the ependyma 
between the fimbria and the caudate nucleus. 

There are several large veins seen on that surface of the 
caudate nucleus protruding into the lateral ventricle, which 
carry away the blood from the interior of each hemisphere. 
These enter larger veins, pass mesially in the transverse 
fissure, being enclosed in that portion of the velima inter- 
positum which overUes the third ventricle, and finally pass 
backward out of the transverse fissure in one vessel, the 
great vein of Galen, which in txam empties into the confluens 
sinuum (described in Chapter III). If the velum interposi- 
tum has not been pulled out when removing the brain, all 
these structures may be seen by cutting the anterior pillars 
of the fornix between the heads of the two caudate nuclei 
and reflecting the fornix back. This dissection lays open 
the foramina of Monro, their position being indicated by 
the junction of the groove between the caudate nucleus and 
the optic thalamus on either side, with the small hole leading 
downward into the third ventricle just anterior to the middle 
commissure (between the thalami) . It will be readily under- 
stood, moreover, how this whole area of the cerebral hemi- 
spheres lies upon the optic thalami of the interbrain, and bow 
the velum interpositum enters the choroid fissure and at the 
same time forms the roof for the third ventricle, which is to be 
seen j ust beneath it. The further consideration of these parts, 
especially the thalamus, will be taken up in the next chapter. 

Some confusion has probably arisen in the use of the 



ty Google 



ty Google 



ty Google 



rF 



CC, corpuB cfllloaum FT, fimbria 

CF, body of Uh fornix H. hippocunpiu 

CN, oaudBte niuslciu IR, oartei ol tlw ibIbdi] of Rail 

CP, choroid pleiua 1X8, liters loncitudiiul itriB 

CT, fiben of Che oorpua omlloaDm dipping MLS. medimn loDciCudiokl attin 
into the lomponl lobe 



ty Google 



74 AN ELEMENTARY STUDY OF THE BRAIN 

terms hippocampus and hippocampal gyrus. The latter, 
seen on the lateral and ventral aspects of the brain is, 
more properly speaking, the gyrus of the hippocampus; 
white the hippocampus proper is the elevation to be seen 
on the floor of the inferior bom of the lateral ventricle 
produced by the dentate [hippocampal] fissure. This 
fissure is one of the very earUest to appear on the cerebral 
hemisphere (see Chapter II), running around on the mesial 
surface of the temporal lobe; by pushing a comptete fold 
of the cerebral wall into the ventricle, it becomes one of 
the so-called total fissures of the brain. The hippocampus 
is aiso known as the horn of Ammon, and the hippocampus 
major, to distingiush it from the hippocampus minor 
[calcar avis], a similar elevation seen on the floor of the 
posterior horn of the lateral ventricle in the human brain, 
produced by the calcarine fissure. There being no posterior 
horn or corresponding fissure in the sheep's brain, the latter 
possesses no hippocampus minor; the hippocampus major 
may therefore be known as the hippocampus, the name 
being derived from the resemblance of a cross section of 
this elevation to the form of a sea horse. On the floor of 
the inferior horn the hippocampus appears as a smooth 
white convolution running down to the tip of the horn, 
where it is slightly enlarged and is known as the pes^ of 
the hippocampus [digitations of the hippocampus]. Its con- 
cave border is continuous with the fimbria, which, in fact, 
arises from the gray matter of the hippocampus concealed 
beneath the white medullary portion seen in the ventricle. 

If now the entire hippocampal gyrus is cut across near the 
'middle line and the outer portion removed from the thalamus 
(the separation being made, therefore, in the line of the 
transverse fissure) the mesial surface of this section may be 
studied and the relations of its white and gray matter 

' Lat. pes, foot. 
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Tinderstood Xsee Directions D). On the under side of the 
part removed, the prominent fissure is the dentate, posterior 
to which is the mesial portion of the cortex of the hippo- 
campal gyms, which has curved around from the outside, 
while anterior to it the dentate gyrus and fimbria are to 
be seen. On looking at the cut end of this piece, these 
relations will be cleared up. The cortex of the hippocampal 
gyrus is seen to be pushed into the ventricle by the dentate 
fissure; the latter, coiling upon itself, carries the cortex 
with it, giving it the characteristic "sea-horse" appearance. 
The cortex, however, ends abriiptly after it has thus been 
turned in on itself, and thf anterior portion of the section con- 
sists of the white matter interior to the cortex and the white 
matter of the fimbria with which it is continuous. (Reference 
should be made to the illustrations of brain sections I, II, 4 
and 5, on which all these parts are clearly shown.) 

The dentate gyrus is the long narrow transversely fissured 
fold of gray matter just anterior to the dentate fissure, 
formed by the roll of the hippocampal cortex (the anterior 
end of the "seahorse"). This gyrus widens as it approaches 
the tip of the lobe and ends in a sharp angle formed by the 
sudden turning upward and backward of the tip of the 
hippocampal gyrus. This hooklike process is known as 
the uncus ' and is the most definitely localized olfactory 
center in man. Above, in that portion of the hippocampus 
still attached to the middle cerebral wall, the dentate gyrus 
is continuous with the anterior part of a small lobe of gray 
matter, the fasciola cineria, underlying the splenium of 
the corpus callosum. In man, this is considerably atro- 
phied, but nevertheless, as in the sheep, serves as a con- 
nection between the dentate gyrus and the longitudinal 
striae on the dorsal surface of the corpus callosum, as ob- 
served in the first part of this chapter. The part of the 

■ Lat. uncus, hook. 
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fasciola cineria behind the dentate fissure (which Is carried 
up onto it), is continuous with the hippocampal gyrus and 
may be considered analogous to the isthmus of the fornicate 
gyrus in man, connecting the hippocampal gyrus below with 
the gyrus cinguli above, thus preserving the continuity of 
the limbic lobe. The sections of this region which follow 
will clear up any doubtful points as to its anatomy, but if 
the directions and text have been carefully followed, the 
student should already have a clear idea of the relations of 
the hippocampus to the ventricle on the one hand, and to 
the cerebral wall on the other. 

DiREcnoNa : A. With the loag knife slice off the top of the cerebral 
hemiBpheres at the level of the dorsal surface of the cerebellum, but with 
the anterior end of the section lower than the posterior, on a Une parallel 
to one drawn from the ventral surface of the olfactory lobe to the ventral 
surface of the hippocampal gyrus. 

B. Insert the filers into the loi^tudinal fissure at the top of the cor- 
pus callosum, and hookii^ the fingers under the gyms cinguli, the gray 
matter above the corpus caUosum should be ripped outward, exposing 
the surface of the latter. If one longitudinal and two transverse cuts are 
made on each side, correspondii^ to the dissection of the.left hemisphere 
shown in the photograph (Fig. 10), a better result will be obtMned. 

C. On one ^de the corpus callosum should be cut through in a sagittal 
direction just to the side of the middle Une and a ^milar incision' made 
about a half inch lateral to the first, allowing the knife to go no deeper 
than a quarter of an inch. Cut across between the two at the posterior 
end and lift this flap forward, exposing the lateral ventricle. Insert the 
handle of the scalpel or other blunt instrument outward and downward 
from the posterior end of the ventricle ; it should paas eawly downward 
in the inferior horn, and by incising the cerebral wall down to the instru- 
ment in two places, a block of the temporal lobe may be lifted out and the 
whole inferior horn exposed. 

D. Cut the occipital lobe away from this same hemisphere, pass a 
finger into the transverse fissure under the hippocampal gyrus, and cut 
down to it across the fimbria and hippocampus near the middle line of 
the brain, lifting this part away. Drawii^ should be made of the corpus 
callosum, the floor of the lateral ventricle, and of the me«al ^de of the 
temporal lobe, showing the cross section of the hippocampus. 
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When all the portions of the cerebral hemiBpheres above 
the levels of the optic thalami have been removed (according 
to directions), the dorsal surfaces of the interbrain and mid- 
brain are exposed. If the student has been fortunate 
enough to preserve the velum interpositum, this is seen 
stretching across the middle line between the two thalami, 
forming a roof for the cavity between them, the third ven- 
tricle. The morphological roof of this ventricle consists 
principally of a single layer of epithelial cells, the ependyma, 
or lining of the ventricle, which alone remains at this point, 
in a similar manner to the thinning out of the floor of the 
lateral ventricle, as seen in the last chapter. Here too, the 
ependyma is pushed inward by the velimi interpositimi, 
forming the choroid plexus of the third ventricle. When 
the vel^ml is withdrawn, the ependyma is necessarily with- 
drawn with it, and the ventricle becomes roofless. The 
removal of the velimi fully exposes the dorsal surfaces of 
the optic thalami, the prominent, highly developed walls of 
the interbrain. They are united at their center by the middle 
commissure and form a support for the fimbriae as the 
latter arch backward along the floor of the lateral ventricle. 
Upon their dorsal surface the two habenulse pass back- 
ward toward the pineal body, which lies in a cradle 
formed by the two thalami in front and the two supe- 
rior corpora quadrigemina behind. If the cerebellum is 
also removed, the inferior quadrigemina may be seen 
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below the superior, these four bodies representing the roof 
of the midbrain. 

By tearing what remains of the anterior pillars of the 
fornix away from the forward end of the thalami, the 
anterior commissure (described in Chapter VI) will be 
seen as a white band stretching across the middle line and 
entering the cerebral substance on each side just beneath 
the caudate nuclei. Behind it, the point of junction of the 
mesial surfaces of the thalami is known as the middle com- 
missure, which is really no commissure at all, as it is largely 
composed of gray matter in which very few fibers cross the 
middle line. Between the middle and the anterior com- 
missures an opening indicates the extension of the ventricle 
downward under the middle conomissure, as may be ascer- 
tained by passing a probe downward and backward until 
it emerges through the inftmdibulum on the ventral surface. 

The forward extremity of each thalamus is known as its 
anterior tubercle, the portion opposite the middle com- 
missure its body, and the prominent projection posteriorly 
and laterally the pulvinar.* The thickening of the habenulie 
as they pass backward form the gaj^lia (nuclei) of the haben- 
uhe, and just before they reach the pineal body they are 
connected in the middle line by the commissure of the haben- 
ulie, anterior to which, between the ganglia, is the pineal 
recess of the third ventricle. By raising the pineal body, 
the pineal lamina is seen extending downward in front of 
the superior corpora quadrigemina; a transverse fold just 
behind its base represents the position of the posterior 
commissure. 

If the lateral portion of one of the cerebral hemispheres 

has not already been removed, this should now be done, 

and the side of the inter- and midbrains examined. The 

optic tract, arising from the chiasm on the ventral surface, 

> Lat. pidvinar, couch. 
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widens as it ascends around the ciiira, and becomes contin- 
uous dorsally with the pulvinar. Beneath the pulvinar, 
and appearing as an intrinsic part of the general structure, 
is a rounded eminence, the median geniculate ' body ; a less 
noticeable elevation anteriorly to this, on the tract itself, 
is the lateral geniculate body. Behind the tract, median 
geniculate and pulvinar, a ribbonlike band of fibers passes 
from under the pineal body around to the ventral surface 
of the crura, the transverse pedimeular ^ tract. Behind 
this is seen the lateral aspect of the superior and inferior 
corpora quadrigemina, their prolongations forward to the 
optic tract being known as the superior and inferior brachia 
of the quadrigemina. The entire ventral aspect of this 
region is principally made up of the crura of the cerebrum, 
which morphologically form the floor of the midbrain. 
Passing mesially to the optic tract, the fibers of the crura 
extend to the cortex of the hemispheres, constituting the 
greater part of the internal capsule of the corpus striatum, 
and the corona radiata.' 

The anatomical relations of these structures having been 
noted, it will be well to consider their physiological signifi- 
cance and more intimate relations to one another, before 
continuing with the posterior portion of the brain stem. 
The crura may be considered as that portion of the brain 
stem included between the optic tract in front and the 
pons behind. They are made up in part by all the fibers 
passing from cell bodies in the cerebral cortex and in the 
basal gan^ia {i.e. corpus striatum, optic thalami, etc.) to 
the nuclei situated in their substance, in the pons, medulla 
obloi^ata, or cord — for the most part motor in function, 

' Lnt. geniculare, to bend the knee (from the resemblance of these 
bodies to bent knees). 

' Lat.' peduneulug, a little foot (passins aoross the crura or pedunoles). 
* Lat. corona radiata, radiating orown (radius, a spoke). 
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the great bundles passiDg from the general motor areas of 
the cortex lying in the cruette * [base of the peduncles], 
the most ventral parts of the crura. They are likewise 
made up of all the sensory fibers passing out from the cell 
bodies of the cord, medulla oblongata, and pons to the basal 
ganglia and cortex, making relays between the ganglia as 
they ascend,* the general sensory fibers from the body 
occupying a position dorsal to the general motor, in that 
part of the crura called the tegmentum.* Thus the fibers 
of all but the olfactory and optic systems (and, indeed, a 
few fibers from these) run in these great transmission 
bundles. 

Beyond this {i.e. superior to the crura in the brain of the 
primates, but anterior in the brain of other mammals, as 
the sheep) the motor and sensory paths of the crura form 
the internal capsule of the corpus striatum, passing between 
and breaking up the solid gangUa of the caudate and lentic- 
ular nuclei, thus givii^ them a striated appearance. This 
may be seen in brain sections through this region, and if the 
present dissection is continued as directed, by making a 
parasagittal section anterior to the optic tract, the fibers 
of the internal capsule may be plainly seen as they pass 
through the corpus striatum and radiate toward the cortex. 
The corpus striatimi, while relatively of less importance in 
those animals possessing a well-developed cerebral cortex, 

' Lat. crueta, crust or covering. 

' A few words which have reference to the psiBsage of fibres or impulses 
in ttn upward or downward direction between r^ons of the human brain, 
have been retained beoauae of their significance from a physiolt^ical 
standpoint and their practical application to the brains of other mammals. 
In general, however, terms have been employed expressive of the anatomi- 
cal relations in the sheep, where the brain stem and cord are horizontally 
behind the cerebrum, that the student may not be confused at this point 
by terms descriptive of the human brain, where the cerebrum is superior, 
rather than anterior, to the other parts. 

* Lat. legere, to cover ; a covering. 
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is, nevertheless, aa essential structiire in every mammalian 
brain. Its cell bodies form important relays for the fibers 
which pass through it in the internal capsule, and especially 
for a great group of fibers passing into it from the cortex, 
thence being relayed to the optic thalamus. This latter 
bundle, the strio-thalamic tract, forms a very important 
connection between the forebrain and interbrain, especially 
in the lower forms, where it is very noticeable. 

While the corpus striatum' becomes relatively smaller 
with the development of the cerebral cortex, the thalamus 
becomes much lai^er. The function of the thalamus in 
the lower vertebrates is somewhat obscure, being evidently 
connected to the early olfactory system, though not an im- 
portant center for smell. In mammals it becomes an ad- 
junct of the cerebrum, and is an important relay station for 
sensory impulses passing from the sense organs and lower 
centers to the cortex. Many reflexes may, however, be 
completed through the thalamus without the aid of cortical 
connections. Therefore, although many of the motor 
bundles from the cortex run directly under the thalamus 
to the lower centers, without relayii^, it must neverthe- 
less be considered a great receiving and distributing 
station for the sensory fibers passing into it from the crura 
(afferent) and for many fibers from the corpus striatum 
(efferent). Its cells send out large bimdles of fibers 
which continue onward in the internal capsule and are 
distributed to the general and special sensory areas of the 
cortex. 

The internal capsule, giving off and receiving fibers from 
the nuclei of the corpus striatum on either side, spreads 
out between these nuclei and then continues upward, 
expanding in all directions to all parts Of the cortex, as the 
corona radiata. The frontal part of the capsule is made up 
of the projection fibers from the frontal lobe, including the 
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great p3Tamidal bundle from the general motor area, the 
latter occupying also the anterior two-thirds of the occipital 
part of the capsule. The occipital part is also composed of 
the general sensory fibers, from their relay in the thalamus 
to the somssthetic area in the cortex, mingling with the 
motor fibers. The internal capsule is also made up of fibers 
passing between the caudate and lenticular nuclei, and 
from these nuclei to the thalamus, as has been seen. 

The corona radiata consists of all the fibers which, either 
originatii^ in, or ending in, the cerebral cortex, emei^e 
from the cerebral hemispheres or enter them from below 
throi^jh the internal capsule. It does not, therefore, con- 
tain the auditory tracts from the midbrain (inferior corpora 
quadrigemina) and median geniculates to the temporal 
cortex, or the fibers from the lower optii3 centers passing 
to the visual area in the occipital cortex, the optic radiation, 
which is situated behind and lateral to the capsule, and 
may be considered as separate from the latter. The corona 
radiata makes up a lai^e part of the centrum semiovale of 
each hemisphere, mingling with the commissural fibers of 
the corpus callosum and the association fibers connecting 
diiferent cortical areas. 

We must now consider the optical apparatus, the lower 
centers of which lie in the inter- and midbrains. Sensory 
impulses arising in the retina of each eye travel upward in 
the optic nerves, throi^h the optic chiasm and into the 
optic tracts, thence to the lateral geniculate body, the pul- 
vinar of the thalamus, the superior corpora quadrigemina, 
and thence to the occipital cortex by the optic radiation 
[occipito-thalamic radiation], which passes forward, upward 
and backward from each thalamus. The position of these 
structiu^s has already been considered, but their more 
complex structure and connections remain to be examined. 
In many of the lower animals, as fishes (and even in birds). 
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these lower centers and tracts are relatively enormous, 
indicating that the great dependence of these creatures upon 
the sense of sight is entirely reflex or instinctive, and that 
only in birds, where the primary optical system is first 
connected with the cortex, do we begin to find provision for 
intelligent coordination with this sense. Id the lower 
animals, moreover, where the eyes are situated upon the 
sides of the head, all the fibers of one optic nerve cross in 
the chiasm and pass on in the optic tract of the opposite 
side, following the general principle of crossed innervation. 
In higher forms, however, with eyes placed nearer the 
front, and so acting in coordination, many of the outer 
fibers of each nerve continue on the same side. This is 
thought to be caused by the fact that in the latter case the 
visual fields partially overlap, while in the former they are 
entirely separate. Thus in man, only the fibers of the inner 
halves of the optic nerves decussate in the chiasm. 

Collaterals ' of the fibers in the optic tracts pass into the 
lateral geniculate bodies, and the fibers themselves continue 
upward and backward into each pulvinar, and into the 
superior quadrigeminal bodies through their brachia, 
which extend backward from the lateral geniculates to them. 
It is therefore seen that the optic thalami of all the mammals 
are concerned with vision as well as forming relays for the 
fibers of the crura and internal capsule, although the pos- 
terior of the great nuclear masses which make them up are 
more especially involved in the optic system. The white 
appearance of the thalami is due to a thin covering of 
fibers which passes backward over them from the optic radia- 
tion anterior to their dorsal surface, finally being lost in 
the optic tracts. Some of these fibers penetrate the thalami, 
and the whole layer, called the stratum zonale,' is thought 

> Lat. eon, together, and laUralu, of the side ; side branches. 
* Lat. stratum, a pavement, and xotia, zone or ^dle. 
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to constitute a part of the optic pathway. Similarly, the 
geniculate bodies and the superior quadrigemina hare a 
white exterior due to an investing fiber layer, so that these 
parte of the brain stem appear Ughter than would be sup- 
posed from the fact that they are lai^ly made up of gray 
nuclei. 

In the lower vertebrates the quadrigeminal center for 
vision is relatively of greater size and importance ; in some 
animals it is probably the highest center possessed. As the 
visual cortex is developed, however, fewer fibers pass from 
the lateral geniculate to this primary center, while the 
lateral geniculate and the pulvinar become larger and receive 
the greater share of the incoming impulses. Thus, in man, 
only a few fibers pass via the brachia of the superior quadri- 
gemina to the cells in the latter, from which they are relayed 
back again through the brachia and join the other fibers of 
the optic radiation, being concerned in ocular and pupillary 
reflexes. The greater part of the radiation therefore origi- 
nates in cell bodies located in the lateral geniculate and 
the posterior portions of each thalamus, and, leaving these 
nuclei in tracts dorsal and lateral to the internal capsule 
(posterior in man), passes to the occipital cortex. Fibers 
have also been demonstrated to arise in this cortex and pass 
down these pathways to the primary centers, relaying to 
the motor nerves which move the eyes ; they form, there- 
fore, the efferent limb of a higher center reflex for vision. 

Certain structures in this neighborhood remain to be 
discussed. Neither the inferior corpora quadrigemina nor 
ths median geniculate bodies are concerned with vision, 
though from similarity of name and location the student 
might naturally associate them in function with the superior 
corpora quadrigemina and the lateral geniculates. The 
inferior quadrigemina are found in lower forms as small 
ganglia in the base of the superior, which are always well 
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developed. In h^er forms, however, these develop into 
well-marked elevations, the inferior quadrigemina (misnamed 
posterior optic lobes), and evidently form one of the primary 
centers for hearing. Auditory impulses entering by the 
eighth nerve, which is seen on the dorsolateral aspect of the 
medulla, cross the middle line in fibers running either be- 
neath the floor of the fourth ventricle (forming the acoustic 
striffi), or through the trapezoid body on the ventral surface. 
Hence they pass forward, as the lateral fillet^ or lemniscus,* 
through the superior peduncles of the cerebellum to the 
inferior quadrigemina. Some fibers also pass to the median 
geniculates by the brachia of the inferior quadrigemina, 
80 plainly seen on the lateral surface of the midbrain. 
Through the brachia and directly from the geniculates, 
after relaying, the fibers are carried on to the temporal 
cortex in a bundle lying on the outer side of the internal 
capsule. It is possible that the inferior quadrigemina are 
connected to each other by a continuation of their brachia 
down the optic tract and around behind the optic chiasm, 
forming the inferior, or Von Guden's, commissure. 

The ganglia of the habenuUe are to be seen in this region ; 
they are formed of cells which make relays with fibers aris- 
ing from the olfactory cortex at that part of the hemispheres 
near the base of the interbrain. These pass upward on 
the anterior and dorsal surfaces of the thalami near the 
middle line, and are termed the taenia ' thalami. From the 
habenular gan^ia, fibers extend to the midbrain region, so 
that the tjenia must be considered a pathway from the ol- 
factory apparatus to the inter- and midbrains. Behind the 
ganglia and in front of the pineal body, a small transverse 
bundle constitutes the commissure of the habenulse, and 
from it the peduncles of the pineal body arise. The pineal 

■ Ft. Jiiet, a thread. ' Or. Umniikos, fillet or thread. 

■ Or. tainia, band or ribbon. 
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body is the remnant of the stalk which pa^ea to the parietal 
eye in reptiles, and in the higher animals it takes on a gland- 
ular structure, probably producing an internal secretion of 
unknown function. 

The lateral and ventral surfaces of the remainder of the 
brain stem were examined in Chapters IV and V, and it 
suffices to study the dorsal surface only, to complete the 
exterior of this region. The cerebellum should have already 
been removed, exposing its pedimcles and the interior of 
the fourth ventricle, of which it forms a lar^ part of the 
roof. There are three pairs of peduncles, the superior 
[brachia conjunctiva], middle [braehia pontis], and inferior 
[restiform bodies], the cerebellum appearing to be sup- 
ported on them. Little is known of the distribution of 
their fibers at the cerebellar end, and, in fact, still less is 
understood of the arrangement of the fiber tracts connect- 
ing the cells of the cerebellar cortex. So far it has been as- 
certained that this highly developed roof of the midbrain 
receives fibers from the spinal cord, the medulla oblongata, 
mid- and interbrains, and indirectly from the cerebral 
cortex, and that fibres probably pass from it to these, other 
brain regions. The nerves of equiUbrium also find endings 
in the cerebellum, making it probable that this re^on is 
principally concerned with the coordination of the body and 
the maintenance of muscle tone, a view that has been sup- 
ported by the observation of animals and human beings 
whose cerebelli have been injured or destroyed. 

The superior cerebellar peduncles emerge from the white 
matter of the cerebellum mesially to the other two peduncles 
on each side ; they pass forward (or upward in the human 
brain), converging toward the middle line and disappearing 
beneath the inferior quadrigeminal bodies at the point where 
the fourth cranial nerves emerge. They contain efferent 
fibers which originate for the most part in the dentate 
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nucleus, a mass of gray matter situated just below the 
center of the medullary substance of the cerebellxmi, although 
some of the fibers may origiuate directly from the cells of 
the cerebellar cortex. On entering the midbrain the greater 
part of these fibers decussate to the opposite side, most of 
them terminating in two lai^ ganglia, the red nuclei, situ- 
ated in the dorsal portion (tegmentum) of the crura, just 
behind the thalami. Prom here these fibers relay to the 
thalamus and cortex, forming a part of the general sensory 
path. The red nuclei send some fibers back over the same 
path to the cerebellum (afferent to the cerebellum) and others 
backward into the spinal cord — the latter may be relays 
for efferent fibers originating in the cerebral cortex, or for 
the efferent cerebellar fibers of the superior peduncle. 

The middle peduncles leave the cerebellum laterally to 
the other two and are much larger. They pass downward 
on either side of the brain stem, becoming continuous with 
the pons. Their fibers are both efferent and afferent, and 
pass between the cerebellar cortex and the nuclei of the 
pons. From these nuclei, fibers may pass either upward or 
downward across the brain stem, connecting the two halves 
of the cerebellum ; in animals with a small cerebellum, the 
pons is correspondingly small. The pontal nuclei form 
many important connections with the nuclei of the cranial 
nerves in this region; also, in the higher nuunmals, they 
probably receive fibers from the cerebral hemispheres 
(from the frontal and temporal lobes in man), which, relay- 
ing to the cerebellar cortex, form an important fiber system 
from the cerebrum to the cerebellum (the fronto-ponto- 
cerebellar and temporo-ponto-cerebellar tracts in man). 

The inferior peduncles are smaller than the other two, 
and leave the cerebellum between them. They pass back- 
ward (or downward) into the dorsal surfaces of the medulla 
laterally to the fourth ventricle, where they are known as 
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the restiform bodies. Their construction is complex, and 
it will be only necessary to note that fibers from the direct 
cerebellar tract [fasciculus cerebellospinalis] of the spinal 
cord enter most largely into their composition, together 
with others from nuclei of the medulla on the same and 
opposite sides, most of these fibers carrying impulses of 
muscle sense to the cerebellum. The inferior pedimcles 
also contain efferent fibers which pass to the cord, either 
directly or by relaying in the medulla, forming the principle 
pathway from the cerebellum to the muscles. 

Between the pedimcles on either side is the diamond- 
shaped cavity of the hind- and afterbrains, the fourth 
ventricle or rhomboid fossa,' which communicates with the 
rest of the ventricular system by the aqueduct of Sylvius 
in front, and is continued posteriorly as the central canal 
of the medulla oblongata and spinal cord. As the other 
ventricles, it is entirely lined with the thin ependyma. Its 
roof is formed from before backward, by the anterior 
medullary velum, the inferior vermis of the cerebellum, 
and the posterior medullary velum. The roof is also partly 
formed in front by the inner sides of the superior cerebellar 
peduncles, between which the anterior velum is stretched. 
The latter is largely made up of nerve fibers which form 
an important efferent tract to the cerebellar cortex from the 
cord, the path ascending to this point and then tiuTiing 
backward into the cerebellum, via the superior peduncles. 
The anterior and posterior medullary vela have probably 
been lost with the removal of the cerebellum. 

The sides of the fourth ventricle are formed by the 
superior peduncles, the acoustic ' tubercles (two large emi- 
nences in which the eighth nerves end) , and farther back by 
the restiform bodies, by the anterior terminations of the 

* Gr. rhomboa, romb, and eidos, like ; Lat. fossa, a ditcli. 

* Or. akoitetikoa, pertaining to a thing beard. 
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cuneate ^ and gracile * tracts from the cord, and prominences 
known as the obex " and clava.* A median cleft, the longi- 
tudinal sulcus, divides the floor of the ventricle into two 
lateral halves, the obex preventing it from being continued 
directly backward as the dorsal sulcus of the medulla and 
cord. There are several important structures described 
in the floor of the human fourth ventricle which cannot be 
constantly detected in that of the sheep, the only exception 
being two small elevations on either side of the middle line 
in the anterior half, the facial eminences [colliculi facialis], 
beneath which the fibers of the seventh nerve are clustered. 
In man, a prominent bundle of fibers p^ses across the floor 
of this ventricle near its middle, the acoustic or medullary 
strise, being a continuation of the auditory fibers from the 
acoustic tubercles to the opposite lateral fillets ; in the sheep 
these cannot be seen. Under the floor of the ventricle are 
the nuclei of all the cranial nerves (except the first, second, 
third, and eleventh), and important fiber connections be- 
tween them and other brain regions ; some of them will be 
observed in the brain sections to follow. The whole pos- 
terior end of the floor of the ventricle is sometimes called 
the calamus scriptorius.^ 

Over the posterior end of the ventricle, the posterior 
medullary velum passes forward to the cerebellum, being 
very thin in the center, where it is pressed inward by the 
pia and blood vessels to form the choroid plexus of the fourth 
ventricle ; it is also thin at its extreme edges where lateral 
choroid plexuses are found. A very important feature of 
this structure is its perforation by small foramina, that of 
Majendie [median aperture of the foiulih ventricle] at the 
posterior angle of the ventricle, and those of Key and 

1 Lat. cuneus, a wedge. ' Lat. gradlis, slender, 

* Lat. obex, a barrier or bar. * Lat. clava, a club. 

* Lat. calamus seripUniua, a writing pen. 
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Retzius [lateral aperture of the fourth ventricle], at the 
posterior lateral angles. These afford a communication 
between the ventricles and the subarachnoid space, thus 
equalizing the pressure of the cerebrospinal fluid in the 
ventricular system with that on the outside of the brain. 
This is a matter of considerable significance for the main- 
tenance of conditions under which the brain can properly 
function. 

DiBEcnoNa : Tear the temporal lobes away from the brain stem, then 
make a etiallow incimoa into the white matter along the anterior edge of 
each optic tracf, insert the fiagere into the cut, and tear the cerebral sub- 
stance forward. This will expose the internal capsule and the corona 
radiata, showii^ the. direction of their fibers. The cerebellum should be 
carefully lifted up and cut away at the closest possible point t« its inferior 
surface, thus preservii^ the cerebellar peduncles, and, if posdble, the 
anterior and posterioi medullary vela. Strip the pia mater from this 
entire section, and carefully examine and draw the lateral and dorsal 
aspects of the interbrain and brain stem. 
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It is obvious that a series of sections through the br^n 
in the sagittal, horizontal, and transverse planes would 
furnish an excellent understanding of its internal structure ; 
in fact, no other dissection need be used if such sections were 
made close enough together and studied with due ref»*ence 
to one another. Of the great number of sections for choice, 
but two horizontal and seven transverse sections have been 
selected to elucidate the most important features which 
have been brought out in the preceding text. It is hoped 
that the student will make other sections between those 
which are described and illustrated here, as the knife very 
naturally fails to expose many significant structures which 
must be passed over briefly, or entirely omitted, in this 
necessarily cursory examination. 

If a horizontal section is made at the top of the superior 
corpora quadrigemina, the knife will divide the cerebrum 
and cerebellum into almost equal horizontal halves, the 
dorsal portion of the interbrain also being sectioned. The 
characteristic disposition of the cortex and medulla of both 
cerebrum and cerebellum is very noticeable, the deep infold- 
ing of the cortex of the island of Reil being particularly 
prominent. Anteriorly, at the mesial termination of the 
deep longitudinal fissure, the white fibers of the corpus 
callosum are seen to stretch across the middle line, cut 
through the genu, near the rostrum. Behind the callosum, 
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the body of the fornix is seen in close apposition, with the 
fimbriae extending laterally from its ventral surface, as they 
leave the body to pass backward into the inferior hom of 
the lateral ventricle, forming a part of its floor all the way. 

Between the corpus callosum above, the body of the for- 
nix mesially, the fimbria ventrally, and the medullary wall 
laterally, is the central portion, or body, of the lateral 
ventricle, near the point where it becomes continuous with 
its anterior hom. The nuclear masses just lateral to the 
ventricle on either side are the dorsal portions of the caudate 
nuclei, which bulge into the ventricle below the plane of 
the section. Behind the fornix is the upper part of the 
third ventricle over which the fornix arches (above the plane 
of the section). At the bottom of this portion of the third 
ventricle, a small piece of the dorsal surface of the optic 
thalami is seen m the middle line, enclosed between the 
habenuhe, which the knife has cut throughout their length. 
Behind the habenulse, the pineal body is sectioned, and 
behind that in turn lie the superior corpora quadrigemina 
just below the section level. At either side of the habenulfe, 
the exposed gray matter represents the nuclear masses of the 
thalami, the transverse bar posteriorly being the cut pulvinar. 

The greater part of the bodies of the lateral ventricles lie 
above the section, but as they curve downward as the in- 
ferior horns they are again seen in section, the knife also 
cutting the structures of their floors. Thus the fimbria is 
seen to lie on the mesial side of the thin crack made by 
each inferior hom, and its relation to the gray matter of 
the hippocampus is very well illustrated. From the ex- 
terior, one of the limbs of the great transverse fissure enters 
laterally to the quadrigemina, and from it the dentate 
fissiu^ passes laterally to separate the dentate gyrus from 
the hippocampal gyrus. The white medullary portion 
of the section is mostly made up of the fibers of the corona 
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radiata just above the level of the internal capsule ; they are 
plainly seen lateral to the caudate nucleus and the thala- 
mus, as they are broken up by the transversely disposed 
association and commissural fibers at this level. 

A horizontal section made through the lower part of the 
inferior quadrigemina brings out the relations of some very 
important structiu-ea, especially the corpus striatum. The 
anterior end of the longitudinal fissure may be seen separat- 
ing the two hemispheres as far back as the corpus callosiun. 
The latter having been sectioned through the thickness of 
its rostrum, appears as a very thick band of fibers radiating 
to the frontal lobe as the forceps minor. From the center 
of its posterior surface, the thin septum pellucidimi extends 
backward to the anterior columns of the fornix, which are 
cut transversely as they descend to the sides of the inter- 
brain and the manmiillary body. The anterior horn of 
the lateral ventricle, bounded anteriorly by the corpus 
callosum, mesially by the septum pellucidum, and laterally 
by the gray mass of the caudate nucleus, is seen as it passes 
downward to the olfactory lobe on each side. 

The narrow white tract crossing the middle line at the 
posterior border of the pUlars of the fornix is the anterior 
commissure, connecting the two olfactory lobes, as described 
in Chapter VI. Behind this, in the median line, a small 
opening indicates the anterior portion of the third ventricle, 
being separated from the corresponding posterior portion 
by the middle commissure, which is seen to occupy the middle 
Une between the gray masses of the optic thalami on either 
side. The posterior commissure is seen to pass in front of 
the anterior ends of the inferior quadrigemina, which appear.) 
as two large bodies projecting backward to the cerebellum. 
The antero-lateral portion of these bodies may be seen to 
. communicate with two well-marked nuclear masses, one 
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pair of which extends backward, the other outward, from 
the thalami. The former are the brachia of the inferior 
quadrigemina, and the latter are the median geniculate 
bodies ; the sigmficance of their connectioD was discussed 
in the previous chapter. 

The corpus striatum occupies a lai^e area of this section, 
being anterior and lateral to the thalamus. It has been 
so fully considered elsewhere that here it will be necessary 
to note its appearance only. The caudate nuclei are seen 
in two places on each side ; anteriorly, as the two large gray 
masses forming the lateral walls of the ventricle, and pos- 
teriorly, just lateral to the extremities of the median genic- 
ulates, as smaller sections of their tails which have arched 
backward and downward over the thalami. The internal 
capsule is seen lateral to the caudate nucleus and the thala- 
mus, comprising a frontal and occipital part, with its knee 
[genu] pointed mesially about opposite the anterior com- 
missure. Lateral to its two parts is the lenticular nucleus, 
long and slender, its greater part lying on a lower level than 
that of the section. The lenticular nucleus can be separated 
into a large lateral part, the putamen,* and a smaller mesial 
part, the globus palUdus * ; these divisions are much clearer 
in man. It can be readily imderstood from this section 
how the fibers of the internal capsule intermingle with the 
gray matter of these nuclei, which it passes between and 
practically encapsulates, and gives the characteristic ap- 
pearance to the corpus striatum. 

Outside the lenticular nucleus is a thin band of fibers, the 
external capsule, which also goes to make up the corona 
radiata above, and still farther laterally, an elongated 
nucleus appears, the claustrum,* beyond which is a thin 

' Lat. pufamen, a husk or ehell. 
■ Lat. globus pallidv», pale ephere. 
' lAt. elatittrum, bi^er. 
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band of medulla and the cortex of the insular region. The 
hippocampus is well seen in this section, which passes 
throu^ its pes. The fimbria, being narrowed from above 
downward, has here entirely disappeared, while the dentate 
gyrus is lai^er than in the previous section. The dentate 
and transverse fissures, and inferior horn of the ventricle, 
are particularly well seen. Lateral to the ventricle, deep 
sulci have nearly separated the ventral tips of the temporal 
lobes from the remainder of the hemispheres. The cere- 
bellum is to be noted sectioned near its base, the white areas 
at its sides clearly indicating the points of emergence of 
its peduncles. This is a very instructive section and 
should be most carefully studied. 

"- "^ -The first of the transverse sections, in which important 
structures appear, should be made just posterior to the genu 
of the corpus callosum. Here a very vivid impression may 
be obtained of the great infolding which takes place in the 
cerebral cortex, such as may be produced by the longitu- 
dinal fissure, and splenial and first arcuate sulci. (The 
principle sulci are indicated in the diagrams accompanying 
these sections.) The thick fiber bundle of the corpus 
callosum forms the roof of this portion of the lateral ven- 
tricle, which is cut just behind its anterior horn. Below 
the ventricle, the ganglionic masses of the corpus striatum 
present a characteristic appearance, the laige head of the 
caudate nucleus jutting into the ventricle, separated from 
the smaller end of the lenticular by the scattered fiber 
bundles of the internal capsule. In man, the nuclei of the 
corpus striatum are hot, of coiu'se, relatively as large, owing 
to the much greater development of both cortex and medulla 
of the hemispheres. The thin septiun pellucidum separates 
the lateral ventricles in the middle line and ends in the 
cortex below in the subcallosal region, the section being 
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just in front of the anterior pillars of the fornix. On the 
ventral surface of the section, below the lateral edges of 
the caudate nuclei, two small white spots are seen ; these 
are sections through the white matter of the lateral olfac- 
tory roots. 

A very instructive section may be made through the pillars 
of the fornix, cutting through the cortex at about the loca- 
tion of the Sylvian fissure. The body of the corpus callosum 
is sectioned just forward of its middle, leaving a short piece 
of septum pellucidum between it and the fornix. The fornix 
pillars, arching forward and downward, have been cut in 
such a plane as to expose almost their entire vertical eleva^ 
tion, and may be seen slightly spreading into the interbrain 
wall to reach the mammillary bodies on the ventral surface 
of the brain (behind the plane of the section). Laterally to 
the septum and fornix are the bodies of the lateral ventricles, 
with the caudate nuclei jutting into their lateral walls. 

At the ventral extremities of the ventricles the striae 
terminales are seen on either side as they follow the tail of 
the caudate nucleus backward. Below them, the ihtemal 
roots of the olfactory lobes are seen passing backward to 
form the anterior commissure, which is just posterior to 
the plane of the section. Ventrally and laterally to these 
roots, the gray matter of the olfactory cortex ia seen, cor- 
responding to the anterior perforated space on the ventral 
surface ; in fact, this area may be observed to be somewhat 
broken up by fine perforations where the bundles of arteries 
enter from below. The corpus striatum is again clearly 
shown in this section, the caudate nucleus having become 
smaller, and the lenticular nucleiis and internal capsule, 
larger, than in the preceding section. Laterally to the len- 
ticular nucleus Ue the' external capsule and claustrum, the 
infolded cortex of the island of Reil lying just above them. 
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llie next section has been made through the middle 
commissure and the optic thalami, which appear as large 
gray rounded masses lying on either ^de of the middle line, 
just below the center. Above and below the middle com- 
missure, the third ventricle has been opened; below, it 
extends downward to the bottom of the section, being here 
continuous with the infundibulum and pituitary body (which 
should lie beneath this portion of the ventral wall), while 
above, it spreads over the thalami to the point where they 
meet the lateral extension of the fornix. Here the fornix 
lies over the third ventricle and forms the floor of the 
lateral ventricle, its body having widened out with the 
fimbrise, which pass backward over the thalami and become 
continuous with the hippocampi, as we have seen. 

Between the fornix and the third ventricle lies the thin 
ependymal roof of the ventricle and the velum interpositum, 
which pushes the roof downward to form the choroid plexus ; 
none of these structures have been preserved in the section 
illustrated, but it is hoped that the student will be more 
fortunate. The choroid plexus of the lateral ventricle 
passes laterally and upward aroimd the lateral border of the 
fimbria, pushing ahead of it the ependymal wall of the ven- 
tricle, which morphologically stretches between the edge of 
the -fimbria and the caudate nucleus. The latter is to be 
seen as a small gray mass at the outer angle of the ventricle ; 
it is the tail of the nucleus as it passes backwM-d to encircle 
the thalamus. 

Lateral to the caudate nucleus, the knife has passed 
through the occipital part of the internal capsule, and it 
may be readily imderstood how its fibers, passing laterally 
and ventrally to the thalamus, continue backward in the 
crura (the latter having terminated anteriorly just behind 
the plane of the section). Outside the internal capsule the 
gray masses of the lenticular nucleus appear ; they are still 
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quite lai^, and the internal capsiile derives many fibers 
frona this portion of the nucleus, as well as from the thala- 
mus on its inner side. Still laterally to the lenticular nucleus 
lies the external capsule and claustrum, while beneath the 
nucleus at the junction of the temporal with the lower 
posterior portion of the frontal lobe, another large nuclear 
body appears. This is the amygdaloid ^ nucleus, which has 
not been previously mentioned; it is evidently connected 
internally with the olfactory cortex, and is much smaller 
in man than in the lower animals. Between this nucleus 
and the 'ventral extension of the fibers of the internal cap- 
sule, a well-defined fiber bundle represents a section of the 
optic tract passing backward around the thalamus from 
the chiasm, which is situated on the ventral surface anterior 
to the plane of the section (between this section and the 
preceding). 

The white spots in the wall of the third ventricle below 
each thalamiis indicate the points where the fibers of the 
fornix have turned upon themselves to pass upward to the 
thalami. The fiber bundles appearing as a white vertical 
line in each thalamus are the tffiniae thalami, which ascend 
from the olfactory area to the ganglia of the habenulae on 
the dorsal thalamic surface, posterior to the section. 

The fourth transverse section, made through the mam- 
millary body (two mammillary bodies are seldom seen in 
the sheep), passes through the posterior portion of the 
thalami, the pineal gland (or its brachia), and the fasciola 
cineria. The cerebral hemispheres are cut at about their 
greatest transverse diameter, a position which corresponds 
to the most anterior point at which the cerebrum is entirely 
separated from the interbrain and brain stem by the trans- 
verse fissure. In the section there is but one connection 
> Qr. amygdaU, aJmoad, and eido», like. 
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which remains between them (other than those caused by 
the adhesions of the vessels and pia mater in the fissure), 
this being produced by a few fibers posterior to the internal 
capsule on the right side, which are passing backward from 
the thalamus to the occipital cortex — the optic radiation. 
The inferior horn of the lateral ventricle is here opened 
almost its entire length, as the section is made just where it 
passes downward into the temporal lobe; on the right 
side, the ventricle passes behind the fibers just mentioned. 

The body of the ventricle is also shown between the 
corpus callosum above and the hippocampus and the 
fimbria below, the latter forming the floor of the inferior 
horn throughout the section, until it merges into the gray 
matter of the pes hippocampi. Above, the fimbria is cut off 
before it reaches the middle line, and it must be supposed 
to pass forward to join its fellow and form the body of the 
fornix. The dorsal portions of the hippocampi meet in 
the fasciola cineria just beneath the splenlimi of the corpus 
callosum ; their relation to the fasciola cineria was explained 
in Chapter VII. 

This section passes through the posterior portion of the 
interbrain and the anterior part of the midbrain floor ; 
therefore the thalami are seen to be sectioned through their 
widest part (the pulvinar), and the crura appear below them. 
At the dorso-mesial border of the thalami, the ganglia of 
the habenutfB are seen, the connection between them being 
their commi^ure (the pineal body is posterior to the sec- 
tion). Above and below the habenul£e, the narrow cleft of 
the third ventricle appears, extending downward almost to 
the mammillary bodies. Laterally to the thalami, the 
white fibers of the optic tract are seen leaving these nuclei 
and the gray masses outside the tract, the lateral genic- 
ulate bodies, over which passes the thin layer of the stra- 
tum zonale. 



ty Google 



104 AN ELEMENTARY STUDY OF THE BRAIN 

On the ventro-tateral margin of the interbrain, white 
fiber bimdles are observed running vertically to the plane 
of the section ; these are the ventral portions of the crura, 
the crustiB, in which the efferent fibers from the cortex and 
internal capsule paas beneath the thalmni on their way to 
the lower centers. In man, fibers from the frontal region 
of the cortex occupy that portion of the crustae nearest the 
middle line; laterally to them, and occupying the greater 
part of each crusta, are the general motor fibers, the so- 
called pyramidal tract ; and the outer fifth of each crusta 
is made up of efferent fibers from the temporal cortex. In 
the sheep, however, the crustse are much smaller, the fibres 
from the cortical areas, especially the frontal, are fewer, 
and the greater part of each crusta is occupied by an almost 
black substance of tmknown function, the substantia nigra.' 
This runs the length of the crura and serves to separate 
the crustae below from the tegmentum above, the latter 
consisting for the greater part of the afferent sensory fibers 
and their nuclei. Just above the substantia nigra in the 
tegmentum, two dark masses may be faintly seen — they 
are the anterior ends of the red nuclei, which are important 
as relay stations for the fibers of the superior cerebellar 
peduncles, which carry sensory impulses to the thalamus 
and cortex. Fibers from cells in the red nuclei also pass 
downward through the midbrain and medulla oblongata 
into the cord, and some also pass backward into the cere- 
bellum through the superior peduncles. Below the crustse 
the third cranial nerves appear, cut off at a point a short 
distance anterior to their origin in the crura. 

In the following sections, the important elements are 
poorly differentiated and many of them will be made out 
only with great diflSculty. The brain stem is one of the 

* Lat. substantia nigra, black substanoe. 
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most important components of the nervous system, and 
while its careful study is as essential as that of any other 
portion of the brain, it is beyond the scope of an introductory 
treatise to attempt more than a brief examination. Only 
the fundamental tracts and ganglia will tlierefore be de- 
scribed, more with the purpose of establishing a basis for 
further study than to present a comprehensive description 
of thiB region. 

A section made through the superior corpora quadrigemina 
cuts the cerebrum at the jimction of the occipital anid parie- 
tal lobes, the hemispheres being now entirely separated by 
the posterior end of the longitudinal fissure. The knife 
passes through the length of the inferior horn of the lateral 
ventricle and the gray and white matter of the hippocampus 
on its floor. The vessels in the pia mater of the velum 
interposittmi are seen passing forward in the transverse 
fissure intervening between the hemispheres above and the 
midbrain below. The superior quadrigemina appear as 
two rounded eminences separated by a shallow cleft, at 
the bottom of which the posterior commissure passes be- 
tween them, connecting them with each other and, continu- 
ing downward, with the fibers of the tegmentum below. 
Under this is the aqueduct of Sylvius, the canal of the mid- 
brain, furnishing a communication between the third and 
fourth ventricle ; it is surrounded with gray matter through- 
out its length. 

Ventral to the central gray matter, is the general region 
known as the tegmentum, composed, for the greater part, 
of sensory nerves on their way to the h^her centers, and the 
gangUa distributed along their course. This portion of 
the brain stem has a characteristic appearance throughout 
its length, from the scattered nuclei and irregularly disposed 
fibers of which it is composed, known as the reticular' 

■ Lat. reticvium, a little net. 
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formation. An important fiber tract of the tegmentum is 
the posterior [mesial] longitudinal bundle, made up of fibers 
forming relays up and down the cord between the nuclei 
of this and more posterior r^ons, especially between the 
cranial nerve nuclei, thus Wording, for example, coordina- 
tion between those nerves which control the eye movements. 
Some of its fibers are also imdoubtedly concerned in the 
formation of the posterior commissure. It is to be found 
on either side of the middle line in the ventral border of 
the central gray matter. 

Just above the posterior bundle lie the nuclei which make 
up the deep origin of the third nerve, sending their fibers 
downward to emerge on the ventral surface of the crura. 
On their way these fibers pass through the red nuclei, 
which are at their largest in this region ; these we have seen 
are largely associated with the fibers of the superior cere- 
bellar peduncles, which decussate just posterior to the 
plane of the section. Below and laterally to these are seen 
the large white bundles of the mesial fillet or lemniscus. 
These are the general sensory fibers, ascending from the 
nuclei in the medulla, which have relayed from the cord and 
sensory cranial nerves on their way to the thalami, where 
they relay again and pass to the cortex. Tbe crusta lies 
below each mesial fillet, separated from it (and the entire 
t^mentmn) by the substantia nigra. The crustie, as has 
already been observed, are composed entirely of descend- 
ing motor fibers, of which the pyramidal tract occupies the 
greater part. 

The next section passes through the center of the pons 
and the tips of the occipital lobes, and cuts off a small frag- 
ment from the anterior extremity of the cerebellum. Below 
the cerebellum, the knife passes through the inferior quad- 
rigeminal bodies and just in front of the anterior medullary 
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velum, which etretches between them on its way back to 
the cerebellum. The velum is seen to fonn the anterior 
roof of the fourth ventricle, and the inferior quadrigemina 
its sides; the floor of the ventricle is made up mesially of 
gray matter, and laterally by the fibers on the inner side 
of the superior cerebellar peduncles, which extend from 
beneath the inferior quadrigemina backward to the cerebel- 
lum. In this region, beneath the inferior quadrigemina, lie 
the nuclei of origin of the fourth cranial nerves. Their fibers 
pass backward, decussate in the velum and emerge dorsally 
just above it ; the knife has passed through the decussation. 
The pons is divided into two lateral parts by a median 
raphe,' and into two horizontal halves, the ventral corre- 
sponding to the crustffi, and the dorsal to the tegmentum, 
of the midbrain. The ventral portion is the larger in man, 
but the smaller in the sheep ; it is composed, in addition to 
the motor fibers entering it from above, of transverse fibers 
which pass into it and out of it from the cerebellum through 
the middle peduncles, and of the pontal nuclei. The latter 
serve as a relay for the transverse fibers, which enclose the 
longitudinal motor fibers in an outer and an inner layer. 
The superficial transverse fibers terminate in the ganglia 
of the same side, the deep transverse fibers in those of the 
opposite side. Many of the deep fibers also pass from the 
acoustic areas to the lateral fillets in the tegmentum, whence 
they pass forward to the inferior quadrigemina and the 
higher centers of hearing, as mentioned in the previous 
chapter. The pontal nuclei also form relays for the motor 
fibers situated in the outer and inner fifth of the crustse, 
i.e. the fibers from the temporal and frontal cortices, re- 
spectively, the pyramidal tracts alone occupying the middle 
three-fifths of the crusts, and continuing intact through the 
pons to the lower centers. 

' Or. rkapke, a suture. 
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The tegmental part of the crura passes through the pons 
almost intact, but the substantia nigra below it is lost. 
The center of this dorsal portion of the pons is of reticular 
formation, i.e. gray and white matter intermixed, its fibers 
running for the most part longitudinally forward, and form- 
ing a series of short ascending (sensory) pathways from the 
nuclei in the medulla to the higher centers. The mesial 
fillet passes forward on either side between the pyramidal 
fibers and the reticular formation ; and the posterior longi- 
tudinal bundles are seen close together under the gray 
matter of the ventricle floor. Laterally to the reticular 
formation are the superior cerebellar peduncles and the 
lateral fillets, already described. Laterally to the middle 
cerebellar pedmicles are seen the cut fibers of the fifth nerve, 
its superficial and deep origin being posterior to the plane 
of this section. 

The last section has been made .through the posterior 
portion of the trapezoid body. It passes through the 
middle of the fourth ventricle and near the middle of the 
cerebellum, behind the cerebral hemispheres. The arrange- 
ment of the white and gray matter of the cerebelliuu is 
well shown, the superior vermis appearing above, and the 
inferior below, protruding into and forming the roof of this 
portion of the ventricle. On either side, the fibers making 
up the middle peduncles may be seen passing forward and 
downward out of the cerebellum. The section shows in 
the center the reticular formation and raphe, the former 
made up largely of scattered nuclei and sensory fibers ascend- 
ing from the medulla and cord behind. The posterior longi- 
tudinal bundle is formed dorsally by a collection of the 
fibers from nuclei in this r^on. The lateral and ventral 
borders of the section are white, representing the afferent 
and efferent fibers of the inferior cerebelliLr pedimcles ascend- 
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ing from or descending into the cord, and the cut fibers of 
the pyramidal tract, respectively. 

Near the middle line, above the pyrianids, the mesial 
fillets are cut across ; behind the plane of the section, their 
fibers arise from the cell bodies in the gracile and cuneate 
nuclei, ganglia found at the forward extremities of the large 
dorsal gracile and cuneate tracts, passing up the cord. 
From these nuclei, fibers pass ventrally and mesially across 
the middle line and pass upward as the mesial fillet of the 
opposite side. These fibers are known at their point of cross- 
ing as the internal arcuate fibers, which here make up the 
sensory decussation [decussation of the lenmisci]. The motor 
fibers forming the ventral pyramids also decussate, their 
greater portion passing dorsally and laterally to form the 
crossed pyramidal tract of the cord, a smaller number 
remaining in the or^nal location, as the direct pyramidal 
tract of the cord. This is the pyramidal decussation, 
occurring at a more posterior level than the sensory, near 
the junction of the medulla oblongata and spinal cord; 
in man, the decussating fibers may be seen on the ventral 
aspect. 

Just behind the trapezoid body, and laterally to the pyra- 
mids, the olives appear; in man, they are seen on cross 
section to consist of a wrinkled capsule of gray matter, 
with a white center composed of fibers partly from the gracile 
and ctmeate nuclei but mostly from the cerebellum via the 
opposite inferior cerebellar peduncles. The latter also 
receive fibers from the gracile and cuneate nuclei by the 
anterior external arcuate fibers, running around the medulla 
oblongata from the ventral siuface (a continuation of the 
internal arcuate fibers, and so from the nuclei of the 
opposite side), and by the posterior external arcuate fibers, 
passing outward dorsally from the nuclei of the same side. 

The deep ori^s of all the cranial nerves behind the fourth 
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are to be found in nuclei situated in the pons and medulla, 
all beneath or very near the floor of the fourth ventricle. 
For the exact location and connections of these nuclei (as 
well as other points which have been slighted in this chapter) 
the student is referred to more complete texts. It is sufB- 
cient to say in this connection that all these nuclei receive 
or give off fibers which are continuous with or are grouped 
with those of the larger motor and sensory bundles already 
considered, and that in every case these fibers cross the 
middle line before reaching their superficial origin. It 
miist also be observed that practically all the motor 
and sensory fibers decussate either at higher or lower 
levels before reaching their destination, so that the higher 
centers of one side innervate the body on the opposite side ; 
and that while all the sensory and many of the motor fibers 
relay throughout their course (i.e. their path is made up of 
more than one neurone), the general motor fibers of the 
pyramidal tract form no relays in the brain, but each passes 
to the cord as the axone of a single cortical cell. 

DiBEcnoNs: The sections illustrated and described in this chapter 
may be made as follows. The first horizontal section is started through 
the cerebellum at the level of the dorsal surface of the superior corpora 
quadrigemina (found by separatii^ the cerebellum from the cerebral 
hemiaphereB until the quadrigemina are exposed), and then continuing 
the cut horizontally forward through the hemispheres, keeping the knife 
parallel to the base of the brain. The second horizontal section is made 
one-half inch below the preceding, through the bottom portion of the 
inferior quadrigemina, and is made parallel to the first. 

The incisions for the transverse sections should be begun on the ventral 
Burfa,ce ; the first, a quarter of as inch anterior to the optic chiasm, the 
second, through the anterior part of the chiasm, the third, through the 
infundibulum, the fourth, at the posterior end of the mammillary body, 
the fifth, at the anterior border of the pons, the sixth, through the middle 
of the pons, and the seventh, at the posterior border of the trapezoid body. 

It is possible to use for these aections the brain which 1ms been cut for 
the median s^ttal section, using one-half for the transverse and the other 
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for the horisontal sectioDS, although separate brtuns are preferable. The 
accompanying diagram (Fig. 17) makes the poeitjon of these sections clear 
and should be referred to in studying each section. Sections intermediate 
to the ones employed in this chapter viU be found equally instructive 
and should be made in addition to those directed. Compare contiguous 
sections, trtunng the structures throi^ them, and diasectiag them care- 
fully after a drawing of each surface has been made. 
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SUMMABT 

The student who has completed the dissection of the 
sheep's brain should now be familiar with Its gross anatomy, 
with the relations of the more fundamental of its intricate 
sbuctures, and with the rather complex and confusing 
nomenclature associated with it. He should be ready, 
therefore, to appreciate a general summary of nervous 
function, especially in its more particular application to 
cerebral physiology. 

As the anatomical unit of the nervous system is the neurone, 
so its physiolopcal imit is the simple reflex. All varieties 
and complexities of nervous structure can be described and 
explained as more less intricate combinations of reflex 
arcs. By the latter is understood a mechanism consisting 
of two, three, or more neurones, of which one, at least, must 
be afferent, and one efferent, so related that an incoming 
(or sensory) impulse "discharges," so to speak, an appropri- 
ate outgoing (usually motor) impulse, in response. In 
other words, the reflex arc is such a combination of neurones 
as to afford for the animal, through its nervous equipment, 
direct or indirect reaction to stimuli acting upon it. 

In Chapter I, it was observed that the imicellular amoeba 
reacts to its environment, though composed of undiffer- 
entiated protoplasm ; that even this simplest animal acts 
reflexly. We saw, as we ascended the invertebrate scale, 
the more and more perfect adaptation of structure to reflex 
action, by the specialization of a portion of the body cells 
115 
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for nervous function alone. Cert^ cells on the periphery 
become more irritable than the others, and lose their other 
functions ; this rudimentary sensory epitheUum is the pre- 
cursor of the sense organs of the higher forms. Other cells 
become specialized as conductors ; these are the rudimentary 
nerves, carrying impulses inward from the superficial sen- 
sory cells and outward to the muscles, and also, as a later 
development, forming association fibers of varying lengths 
between the other two, thus furnishing immensely greater 
complexity and usefulness to the reflex arc. The conduc- 
tion, which is diffuse and universal in ccelenterates, as the 
medusa, becomes systematized in the centraUzed nervous 
apparatus of the earthwom^s; the connections are more 
precise, because made through definite ganglionic centers, 
and are quicker between distant parts, due to the presence 
of longer nerve strands. In the crustaceans and other higher 
invertebrates, the increased size and complexity of the gan- 
glion of the anterior segment, and the association with it 
of highly specialized sense organs, such as the eye, which 
react to stimuh at a distance, give to these animals still 
more exact and varied reflex activities, and greater facilities 
for complicated responses to the world about them. 

The addition of important accessory organs to the cere- 
bral gai^lion, or brain, is the characteristic feature of the 
advance made by the vertebrates in the evolution of the 
nervous system. The great centers and long fiber tracts 
of these new accessories (corresponding to the connections 
and limbs of the reflex arcs), by providing for these animals 
greater modiflability and adaptability to environment, come 
to overgrow, and indeed overrule, the simpler systems of the 
invertebrates. The diversities of structure seen in the 
different vertebrate brains are largely dependent upon 
the sensory equipment of each animal, as those parts of the 
brain most intimately connected with the dominating sense 
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organs are themselves the most highly developed, and the 
fiber systems leading to and from these parts are the largest 
and longest, and are the paths utilized by those reflexes 
most important in regulating the animal's behavior. 

Thus the great dependence of the vertebrates upon the 
sense of si^t gives to the optic centers great predominance. 
The optic lobes, being the highest visual centers possessed 
by all vertebrates below the mammals, are therefore enor- 
mously developed, and are quite possibly, for these animals, 
the dominant part of the whole nervous system ; they send 
impulses out to all parts of the body, through the efferent 
limbs of reflex arcs whose afferent limbs originate for the 
greater part in the optic tracts. Likewise the early fore- 
brain is the primary center for smell, and its ganglionic 
portion, the corpus striatum, is probably entirely concerned 
in this function in the lower vertebrates. Indeed, the whole 
pallium is without doubt the higher center for smell and the 
allied oral senses in vertebrates below the birds, in whom 
connections between the pallial cortex and a second region, 
the optic lobes, are first seen. 

This early forebrain system for olfaction, consisting of the 
olfactory tracts, the corpus striatum, the fornix, certain 
parts of the interbrain, and aU the pallium to be found in these 
vertebrates, is often termed the "archipalUum," ' to dis- 
tinguish it from the "neopallium,"' that additional part 
of the cerebral cortex and its connections developed in the 
birds and mammals. In the latter, the archipallium is 
almost entirely buried beneath the tremendous growth of 
the neopallium. This new cortex spreads upward and over 
the old in all directions, stretching out the hippocampus 
and fornix (the old olfactory cortex and its fiber connections 
to the interbrain), along its inner edge. The function of 

' Gr. areke first, and Lat. -pallium, mantle. 
'Gr. neoa new, and Lat. pallium, mantle. 
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the archipallium probably remains unchanged, but its im- 
portance as a higher center is greatly diminished in those 
animals possessing a well-developed cerebral cortex (neo- 
pallium), which assumes chaise of all the higher functions; 
in man, the archipallium and its connections are, together 
with the sense of smell, very rudimentary. 

The mammalian brain is distinguished by the develop- 
ment of the neopallitmi, which constitutes by far the greater 
part of the cerebral hemispheres. Its increase in size is 
accompanied by increased growth and complexity in the 
cerebral cortex, with a corresponding predominance of the 
fiber systems leading to and from it, and interconnecting 
its many regions, making up the vast white medulla of its 
hemispheres. The ganglionic centers of the earlier systems, 
the thalamus, the optic lobes, the geniculates, and the brain 
stem nuclei, now become connected with the cerebral gray 
matter, the primary sensory tracts which ended in these 
centers now finding their terminations beyond them in the 
cortex. The influence exerted by the cerebrum over the 
lower centers varies with the vertebrate class, being much 
greater in the mammals than in other vertebrates, and 
greatest of all in man. This supremacy of the cortex is 
largely due to the development of its long fiber systems, 
which, both afferent and efferent, extend farther and farther 
back, and assume more and more control over the brain 
stem and cord. 

One after another, the senses find representation in the 
cortex; the olfactory and oral senses of the lower verte- 
brates are followed by vision in the birds, audition, the 
tactile and organic senses being added in the mammals. 
Between these sense centers, as well as with the lower 
levels, connections are formed, and the scope of sensory 
association and consequent behavior is correspondingly 
increased. The specialization of one definite area of the 
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cortex as the origiD of the great motor pyramidal tract, whose 
fibers overgrow those of the earlier sensory systems, fur- 
nishes for the cerebrum voluntary control over the lower 
mechanisms, and so over the entire body, in accordance 
with the impulses reaching the motor area from the other 
parts of the cortex. In the human brain, the great areas 
of cortex surrounding the primary centers seem to be con- 
cerned in the utiUzation of the sensory material furnished 
by the receptive apparatus of the body, and by the sense 
organs, and, in general, the cortex may be considered as the 
anatomical basis for the highest psychical functions ; un- 
questionably, general intelligence — the abihty to learn, 
and all complex mental performance — varies with, and 
depends upon, the development of this portion of the mam- 
malian brain. 

The action of the cerebrum is accomplished, as in all 
nervous tissue, by the conduction of impulses between masses 
of gray matter (cortex and nuclei) via the nerve fibers, or 
fiber systems. It is obvious, therefore, that there is no 
better means of investigating the function of the whole brain, 
or its separate centers, than by tracing the course of the 
tracts connecting its various parts ; as most of the research 
along these lines has been performed on the brains of the 
primates, especially man, a description of the tracts, centers 
and relations in the human brain will be largely followed 
here. The vast and intricate network of fibers making up 
the medulla of the cerebral hemispheres may be resolved 
into three great classes : projection fibers, which grow into 
the cerebrum from the interbrain below and are distributed 
to the cortex, or which originate in the cortex and pass down- 
ward out of the cerebrum into the midbrain, including, there- 
fore, all the fibers making up the corona radiata ; association 
fibers, both short and long, connecting different areas at 
varying distances in the same hemispheres; and commis- 
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sural fibers, which originate in one hemisphere and pass 
across the middle line to terminate in the other. 

While projection fibers may be traced to all parts of the 
cortex, they are most nimierous leading from that part just 
anterior and posterior to the fissure of Rolando, from the 
region of the calcarine fissure in the occipital lobe, and from 
the superior temporal gyrus. This suggestion of a cortical 
locahzation of function has been borne out by many lines 
of investigation, and it can be definitely stated that, in man, 
the precentral gyrus of the frontal lobe is the origiQ of the 
motor tract which controls movements of all the voluntary 
muscles, and that the area just behind this, the postcentral 
gyms, is the receiving station for sensation from the body 
and skin. In both these areas, the lower limbs find rep- 
resentation in the cortex nearest the longitudinal fissure, 
below this the tnmk, then the arms, the neck and the face, 
whose cortex almost reaches the fissure of Sylvius. That 
portion of the cortex which constitutes the highest center 
for sight has likewise been located ; this visual area is on the 
mesial side of each occipital lobe, surrounding the calcarine 
fissure. Similarly, the posterior two thirds of the superior 
temporal gyrus has been foimd to be the primary auditory 
center, the receiving and distributing station for impulses 
coming from the ear. Very similar location for all these 
centers have been found in the other primates, and, indeed, in 
some of the other mammals. 

Of the projection fibers, there are two so-called "direct" 
paths. One of these is the direct pyramidal, made up of the 
axones of cells in the motor area, or cortex, of the precentral 
gyrus. Its fibers pass downward in the corona radiata, 
occupy the middle region of the internal capsule, and then, 
dipping under the thalamus, constitute the middle three- 
fifths of each crusta of the crura (midbrain) and the anterior 
longitudinal fibers of the pons. Those of its fibers which 
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relay to the cerebral nerves leave the tract as It descends 
from the midbrain, and pass to the nuclei of all except the 
olfactory and optic, crossing the middle line for all nuclei 
except that of the fourth. The greater proportion of the 
fibers continue through the pons, however, and form the 
pyramids of the medulla oblongata (whence the name of the 
tract). At the lowest level of the pyramids, the majority of 
the fibers cross the medulla in the pyramidal decussation, and 
continue downward on the aides of the spinal cord, while 
the smaller number descend on the same side of the cord, 
crossing it at successively lower levels. In the cord, these 
axones, which have continued uninterrupted from the cortex, 
and are, therefore, among the longest in the body, relay with 
a second set of neurones whose axones pass directly to the 
muscles. 

The other direct system of projection fibers b that which 
carries impulses of general sensation from the tactile end- 
ings in the s^ and muscles, to the somsesthetic ' area in 
the postcentral cortex. These fibers, which lead directly 
from the sensory endings, pass up the dorsal and lateral 
columns of the spinal cord and find endings in the region of 
the gracile and cimeate nuclei just below the medulla. 
Axones of cell bodies in these nuclei carry the impulses up- 
ward through the medulla, where they cross the middle 
line in the sensory decussation, and then via the mesial fillet 
through the reticular formation of the pons and midbrain 
to the lateral nucleus of the thalamus. Here they relay 
for a second time, and, continiung upward in the posterior 
limb of the internal capsule (mingling with the motor fibers) 
and through the corona radiata, terminate in the cortex. 
In the brain stem the tract is joined by crossed fibers from 
the terminal nuclei of the fifth, eighth, ninth , and tenth cranial 
nerves. The afferent fibers concerned with the conscious 
> Gr. iSma, body, and aMthSHi, sensation; body sense. 
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sensations of pain, temperature, and touch localization, prob- 
ably reach the gracile and cuneate nuclei via the lateral 
columns of the cord, after decussating, and do not ascend 
in the dorsal columns. It is seen that the general sensory 
path exhibits the same crossed innervation as the general 
motor, that is, the cortex of the right cerebral hemisphere 
receives impulses from, and sends impulses to, the left side 
of the body, and vice versa ; but that the sensory path con- 
sists of at least three neurones (and usually more) between 
the cortex and periphery, while the voluntary motor path 
reqiiires but two neurones for its completion. 

Of the other pathways for impulses carried by the pro- 
jection fibers between the cerebrum and the body, those 
which pass through, or rather relay in, the cerebellum, and 
are therefore "indirect," are the most important. The cere- 
bellum is formed from the roof of the hindbrain, and becomes 
a highly developed organ in those vertebrates possessing 
great powers of locomotion, as the bony fishes, the birds, and 
most mammals, especially man. Its intimate connection 
with the vestibular branch of the eighth nerve, and the simi- 
larity between the disturbances caused by its injury and those 
from injury to this nerve (disturbances of equilibrium), would 
make the cerebellum seem but an expansion of the nerve 
center ; but this organ also conununicates with the muscles, 
as well as other partis of the body, by a rich system of both 
afferent and efferent fibers, and its function is evidently to 
codrdinate movements and maintain muscle tone, as welt as 
to govern equilibrium. While the action of the cerebellum 
is probably unattended with consciousness, it receives a large 
mass of fibers from the cerebrum, and undoubtedly forms an 
important way station for impulses passing from the central 
cortex to the muscles, and directing conscious movement. 

This pathway from the cerebrum to the cerebellum, thence 
to the muscles, originates in the frontal lobe, anterior to the 
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pyramidal cortex, and is known as the fronto-ponto-cere- 
bellar tract ; another similar tract, originatii^ in the tem- 
poral cortex, is known as the temporo-ponto-cerebellar. 
The fibers of these tracts pass downward through the corona 
radiata to the pons, the frontal fibers occupjing the frontal 
part of the internal capsule and the mesial fifth of each 
crusta, the temporal fibers the posterior end of the capsule 
and the lateral fifth of each crusta. They relay in the 
pontine nuclei on the same side (and some, also, in the cranial 
nerve nuclei), thence they pass by the opposite middle cerebel- 
lar peduncle to the cerebellar cortex, particularly the cortex 
of the lateral hemispheres. From here they are relayed 
downward through the inferior cerebellar peduncles to the 
cord, or upward to the red nuclei, thence down to those 
neurones of the cord whose fibers pass directly to the muscles. 
Another, somewhat similar, efferent pathway proceeds from 
the cortex to the thalamus (or, in some cases, the corpus 
striatum), relays from there to the red nucleus, from which 
fibers proceed backward, decussating, to the cerebellar cortex 
via the superior cerebellar peduncles. From here the path 
is relayed to the dentate nucleus, thence down the cord by 
the anterior descending cerebello-spinal tract. 

Of the indirect sensory routes, making use of afferent 
projection fibersy nearly all have the same path from the 
cerebellum to the cerebral cortex, but they reach the former 
in different ways. One path leads from the gracile and 
cuneate nuclei to the inferior cerebellar peduncles via the 
external arcuate fibers; another directly up the cord to 
these peduncles, thence to the cortex of the superior vermis ; 
while yet a third, which carries impulses from the cutaneous 
sensory endings, passes up through the lateral portion of the 
reticular formation of the medulla and pons nearly to the cor- 
pora quadrigemina, where some of the fibers continue on 
to the thalamus, but others turn abruptly backward, and 
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reach the superior vermis through the superior cerebellar 
peduncles. From the cortex of the vermis all have the same 
path : to the dentate nucleus, opposite red nucleus via the 
superior cerebellar peduncles, thalamus, and cortex of the 
somsesthetic area. 

Several other routes taken by the cortical projection 
fibers to carry impulses between the cerebral cortex and the 
body have been traced out, and there are undoubtedly many 
others which are not known, but none are as important as 
the ones outlined above. A rather well-known efferent tract 
originating in the cortex relays in the thalamus or corpus 
striatum, thence passes to the red nucleus, and from here 
decussates and passes downward in the lateral fillet through 
the reticular formation of the midbrain and pons, to the cord. 
Fibers have also been demonstrated which carry impulses 
downward from the pontine nuclei to the cord, their origin 
{presumably in the cerebral cortex) not being known. There 
are also many short fiber paths, both afferent and efferent 
{e.g. posterior longitudinal bundle) which by numerous 
relays furnish communication between the cortex and cord, 
and afford reflexes of varying complexity between the in- 
coming and outgoing impulses. The reflex action, indeed, 
of the whole system must not be lost sight of, and the above 
sketch of the most important pathways through the tangled 
mass of fibers making up the interior of the human brain 
but suggests the tremendous possibilities for intricate con- 
nections between its multitude of organs and systems. 

A large proportion of the projection fibers have not been 
mentioned, viz. those concerned in completing the great 
■pathways between the special sense organs and the cortex. 
The optic path begins with the nerve fibers from the retinse, 
those from the same half of each retina forming the optic 
tract of that side by means of the crossing at the chiasm (the 
nasal halves decussate). The optic tracts end in the lateral 
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geniculates and the pulvinar of each thalamus, some fibers 
also passing to the superior corpora quadrigemina. These 
bodies, which were so highly developed in the birds and some 
of the other vertebrates, are small in man, and utilized for 
lower reflexes only (occular and pupillary). Relaying in 
the thalamus and lateral geniculate, each optic path is 
continued on by a large group of fibers known as the optic 
radiation, occupying a position at the posterior end of the 
internal capsule, and ending in the half-visual center in each 
occipital lobe. 

The auditory nerve is double, its cochlear division being 
concerned with hearing, its vestibular division with equi- 
librium. The .cochlear branch ends in the cochlear nuclei 
in the medulla, from which the more anterior fibers pass 
across the middle line to the opposite olive, forming the 
trapezoid body, and join the posterior fibers, which have 
formed the acoustic strife in the floor of the fourth ventricle. 
From here they pass up the lateral fillet to the inferior quad- 
rigeminal bodies, and to the median geniculates, via the 
brachia of the inferior quadrigemina, from which a new set 
of fibers completes the pathway to the temporal cortex, 
previously described. The vestibular branch likewise ter- 
minates in nuclei in the medulla oblongata, from which the 
impulses pass via the external arcuate fibers and the in- 
ferior cerebellar pedimcles to the cerebellar cortex. From 
here the probable path to the temporal cortex is that of the 
other cerebello-cerebral fibers, via the superior cerebellar 
peduncles, crossing into the red nucleus, then to the thala- 
mus and cortex (via the temporal radiation). There is 
also a direct path from the medulla, following that of the 
(direct) general sensory fibers to the thalamus, thence relay- 
ing to the temporal cortex. 

The olfactory and gustatory systems may also be classed 
imder projection pathways, as their fibers pass into the cere- 
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bral hemispheres from below, and terminate in the cortex. 
Tlie olfactory tract, from the nose and bulb, divides into 
three roots ; their terminations in the sheep have been 
already noted, and their endings in the human brain will 
be given here. The mesial root ends in Broca's area [par- 
olfactory area], the triangle [trigone], the subcallosal gyrus, 
and, through this, the gyrus cinguU, from which, via the 
fornix and the cingulum, fibers reach the hippocampal uncus. 
From the internal root fibers pass to the triangle, the anterior 
perforated space, and thence to the uncus, similarly to the 
fibers of the mesial root. In the internal root there are also 
fibers which pass directly to the opposite hippocampal lobe 
via the anterior commissure. The fibers of the lateral root 
pass to the uncus directly. These terminations, especially 
the uncus, may be taken as the known location of the 
olfactory cortex in man, corresponding largely to the archi- 
palhum, and being relatively rudimentary, as previously 
explained. 

The fibers conveying taste impulses enter the medulla 
by the ninth nerve, and the intermediate part of the. seventh 
and eighth, and end in nuclei, which relay the path to the 
opposite thalamus, via the reticular formation. From each 
thalamus the path leads through the internal capsule to the 
cortex of the fusiform • gyrus, or to the gyrus cinguli, but the 
precise location of the taste area of the cortex is still in 
some doubt. From this review of the special sensory sys- 
tems it will be noted that all these afferent fibers ultimately 
reach the cortex of the opposite hemisphere, in the same way 
that the general motor and sensory fibers cross, with the 
exception of the olfactory fibers which remain on the same 
side (except those in the anterior commissure) and, as far as 
is known, are the only paths which do. It may be added, 
before leaving this subject, that afferent fibers have been 

> Lat. Suaus, spindle, and forma, shape. 
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traced from the visual, auditory, and olfactory cortices to 
the lower centers, following largely the afferent paths to the 
(Jortex, and are probably concerned In adjusting the sense 
Cleans in direct response to the special sensory impulses. 

While the projection fibers undoubtedly constitute the 
most fundamental conduction system of the mammalian 
brain, the importance of the association fibers in the higher 
forms especially, must not be underestimated. This system 
makes up by far the greatest portion of the medulla of the 
hemispheres, and is, if anything, more dependent for its 
bulk upon the development of the cortex than the projection 
systems, since it is only in those mammals with extensive 
cortices that it forms such a significant constituent of the 
cerebrum. The association fibers may be classified as short 
and long ; the intricate network of the former may be found 
for the most part just below the cortex, its fibers joining 
neighboring areas of cortex and emerging from the longer 
tracts at various intervals. The latter may be more easily 
traced, however, and of these the following tracts are, in 
each hemisphere, the most distinguishable : one between the 
temporal and occipital lobes ; one between the temporal 
and parietal; a third between the temporal and frontal; 
a fourth extending the whole length of the cerebrum from 
the frontal to the occipital lobe; and a fifth curving the 
length of the limbic lobe (the cingulum). The commissural 
fibers, uniting the two hemispheres, have a distribution 
almost as general as that of the association tracts and are 
most numerous in the same animals, especially man, whose 
greatest commissural system, the corpus callosum, is much 
more extensively developed than in other mammalian brains. 

The function of these intrinsic connections is best under- 
stood by an examination of the areas which they bring into 
commimicatjon. For not only do the association fibers form 
bridges between the definitely localized sensory and motor 
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areas, already considered, but some also pass from these 
centers to the Burrounding cortex, while others, entirely 
independent of the primary centers, join together portions 
of these outlying areas. These secondary regions are often 
called "silent areas," because silent to stimulation, but are, 
perhaps, better known as "association areas" from their 
associated relation to the primary centers (from an anatomi- 
cal rather than a psycholo^cal standpoint). In the hiiman 
brain, these areas are, both absolutely and relatively, the 
lai^eat, and occupy by far the greater portion of the cortex, 
consisting mostly of four great regioia; all of the frontal 
lobe but its most posterior portion, the greater part of the 
temporal lobe, the posterior two-thirds of the parietal lobe, 
and the island of Reil. 

While knowledge of the functions of the silent areas is in- 
definite and far from complete, we may be reasonably sure 
of the action of certain parts of them. The cortex im- 
mediately surrounding each of the localized sense centers 
is richly connected to it by short association fibers, and it 
is practically certain that this cortex is concerned with the 
utilization of the sensory data peculiar to that center. In- 
juries to the immediate neighborhood of the receiving sta- 
tion for each sense cause the loss or disturbance of the closely 
related psychical processes, especially the ability to recall 
or use images in terms of that sense. Probably the most 
universally recognized of these outlying regions is a con- 
siderable area of the parietal cortex posterior to the general 
sensory area, which is held to be the center for man's stereog- 
noatic or "sight-feel" sense, its function being the corre- 
lation of data from the tactile and muscular endings with 
the visual data from the eye. 

As to the remainder of the cortex, even less is definitely 
known. The use of articulate language is apparently closely 
associated with two areas in the left hemisphere, the cortex 
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of the left inferior frontal gyrus, and the cortex of the tem- 
poral lobe just posterior to the primary auditory center. 
The former seems to be concerned in combining the ele- 
mentary movements of the organs of speech into spoken 
words, and the latter to be closely related to the sensory 
processes of speech, in terms of auditory images. Likewise, 
a center for writing has been claimed in the middle frontal 
gyrus of the left hemisphere, close to the motor area for the 
hand ; this is not conclusively proven, but there is con- 
siderable evidence to support it, and to prove, further, that 
this region is of special importance in all learned and skilled 
movements. This predominance of the left hemisphere in 
relation to acts of skill and their associated psychological 
processes has been attributed to man's general right-handed' 
ness. Whether or not this is true, the fact remains that 
very little is known of the functions of the right hemisphere 
beyond the action of its primary centers, while the left is 
apparently the seat of the motor functions and intellectual 
processes concerned with speech and other attainments 
peculiar to man. 

The frontal lobes have long been considered man's special 
intellectu^ centers, or, at least, to be concerned with his 
"character" or "personality." All evidence of value from 
animal experimentation points to these lobes, particularly 
the left, as being concerned in the acquisition of new acts, 
and this only ; moreover, many injuries to the frontal lobes 
in man have produced no symptoms whatsoever. It is more 
probable that man's intellectual supremacy depends upon 
the superior development of bis whole cerebrum, particu- 
larly the great association areas, which seem to be largely 
concerned with elaboration of the data furnished by the 
primary areas. The cortex sxurounding each sense center 
mAy, perhaps, be considered the anatomical basis for per- 
ception, imagery, and the general combination and inter- 
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pretation of the sensory material from the body and its 
environment. But the grosser mental processes, as atten- 
tion or reasoning, cannot be locahzed; all but the most 
elementary functions must be dependent on the activity 
of many various parts, that is, on the action of the brain as 
a whole. 

No simple scheme of structure or action can serve to 
underlie such a highly complex organ as the human cere- 
brum. It has been pointed out that man's nervous system 
had a simple beginning, but that the nervous equipment of 
every animal in the scale of evolution has been adapted to 
the internal and external conditions to which that animal 
is subjected. It is by this successive adaptation throughout 
the animal series, and by modification in the individual 
from use and learning, that the tremendous development 
of the human brain has been effected. Only by a compre- 
hensive study of these changes can we understand the intrica- 
cies of man's nervous mechanism; and to this further 
research, with due reference to more exhaustive texts, it la 
hoped the student will now turn. 
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a systematic and consistent doctrine, leading to clear thinking 
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feasible and practical text-book for the student just entering 
upon his study of psychology. A valuable feature is the intro- 
duction of illustrations of demonstration apparatus. Wherever 
possible references for further reading have been drawn from 
periodical literature, so that the student becomes familiar with 
the present tendencies of psychological research. 
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psychology from the standpoint of learning and teaching as is 
Titchener's 'Text-Book of Psychology,' which, because it is 
more scientific and no less enjoyable, is even more valuable. In 
these days of many candidates for psychological honors, it is not 
easy to feel confident in one's comparative judgment, but this 
book adds so materially to the reputation previously attained 
that we hazard little in the prophecy that from this time onward 
Titchener is to lead all men now in the field in combining inten- 
sity of latest psychological knowledge with philosophical poise in 
statements of conclusions, in furnishing teachers and students 
with the latest information without inspiring the conceit of wis- 
dom. Add to these unusual combinations a rare pedagogical 
gift and logical power and we can easily appreciate the superi- 
ority of his work." — Journal of Education. 
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developed adult, tliey do not attempt to do more than refer to the phenomena of 
abnormnl menial lile, or lo the facts of undeveloped child life, or to the still more 
remote facts of animal consciousness. Miss Calkins, on the other hand, has given 
lo all of these subjects a sufBeienI degree of attention lo justify Ihe statement Ihat 
the book is a. general lext-book, coveting all departments of this now complex 
science of psychology. 

" In the second place, the reader will find in this book a very great deal of atten- 
lion given to what may be called the social phases of mental life. It is nol merely 
the analysis of one's own mental experiences, nor merely the explanation of one's 
own ideas that we find here undertaken ; there is also a full discussion of the ' rela- 
tions between selves,' or, to put it in other terms, of the facts and results of social 
inteiBction, and social consciousness." 

— Professor Charles H. Judd, in the/aNrna/p/ZViiya^. 

A First Book in Psychology 

Cloth, i2ma, 424 pages, Jj.po net 
This book is intended ai a umple and direct approach to psychology. II 
aims on the one hand to be rid of unnecessary abstractions and to Stadj the 
actual experiences of everyday life, and on the other hand lo aid the student 
by close, though provisional definition, and by consistent and convenient 
grouping of the facts actually observed. Perception, thought, emotion, and 
will are treated as relations of Ibc self to its environmenti sections on topic* 
which indicate (he practical application of psychology — as, "the signilicance 
of emotion " and " the uses and abuses of reasoning " — are added to cbapteti 

The book is splendidly adapted to all short courses in this subject and is 
a book worthy of Ihe careful consideration of every one who has a course not 
longer than one semester, and of every reader seeking an elementary grasp of 
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The Animal Mind 

Bv MARGARET FLOY WASHBURN, Ph.D. 

ProfesjoT of Hiilosophj', Vassar College 

CfcM, /jjwo, SJ3 pages, $r.6o nel 

" As the author points out, the title of this book might more 
appropriately have been ' The Animal Mind deducted from Ex- 
perimental Evidence,' for the facts here set forth are very largely 
the results of the experimental method in comparative psychol- 
. ogy. The mass of experimental material that has been accumu- 
lated from the researches of physiologists and psychologists is 
always great, but is also for the most part inaccessible to the or- 
dinary student, being widely scattered and to a considerable ex- 
tent published in the journals of specialists, which the average 
college library does not contain. Hence the usefulness of the 
present , , . interesting work," — New York Sun. 

Genetic Psychology 

By EDWIN A. KIRKPATRICK 



Ctolk, izmo, 3J3 pages, J/.sj net 

"Genetic Psychology," by Professor Edwin A. Kirkpafrick, 
will stand almost alone in its building up of a system of psycho- 
logical study by strictly biological methods. In his working out 
of the genesis of intelligence, while concerning himself largely 
with the dawning of intelligence among the lower forms of ani- 
mal life, he has given a quantity of facts, carefully grouped so as 
to show not merely the earlier phenomena of mind but its behav- 
ior under an increasing complexity of structure and environment. 
Psychology thus studied must necessarily be interwoven with the 
facts of anatomy and physiology, and in the process the author 
has used a wealth of illustration, and has marshalled the vast 
body of information gathered in twenty years of investigation 
and study so as to produce a fascinating work which will not fail 
to stimulate individual study. 
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